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Symbol Definition Dimension

A Aspect ratio === @eececea

b Wing span ft

b. Aileron span ¢t

bf Flap span ft

bt Tire width rt

e Wing chord ft

e Wing mean geometric chord ft

Ce Flap chord ft -

Cq Equivalent skin friction ————

coefficient

cJ Specific fuel consumption lbs/l1bs/hr

CD Drag coefficient -

CD Zero lift drag coefficient ————
o

S Section lift coefficient ————

ci Section lift curve slope 1/vad
«

<, Section lift curve slope 1/rad
L with flaps down

CL Lift Coefficient ————

C"l Pitching moment coefficient -

D Drag : lbs

Dp Propeller diameter ft

Dt Tire diameter ft

df,Df fuselage diameter Tt

e Oswald’'s efficiency factor -

E Endurance hours

T Equivalent parasite area ft2

FAR Federal Air Regulation -

g Acceleration of gravity ft/sec2

h Altitude rt

i“ Wing incidence angle degrees

“A Sweep angle correction factor -

kf Correction factor for split ———

flaps

L Lift lbs

L/D Lift-to—drag ratio === e=mece-

lf Fuselage length ft

1fc Fuselage cone length ft

lm Dist. c.g. to main pear ft
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Dist. c.g. to nose gear

Mach number

LLoad factor

Nautical mile (6,076 ft)
Number of propeller blades

Number of struts

Number of engines
Power, horse—power
Blade power loading

Dynamic pressure
Range
Reynold's number

Rate of climb
Distance

Wing area

Shaft horsepower
Wetted area

Flapped wing area

Time

Thickness ratio

Thrust

True airspeed

Volume coefficient
Weight

Distance from l.e. ¢ to

asrodynamic center

Distance from reference to a
component c. Q.

Distance from c.g. to a.c. of

a surface
Engine-out moment arm

angle of attack

sideslip angle

control surface deflection
taper ratio

sweep angle

3. 142

dihedral angle

air density

air density ratio

fuselage cone angle

lateral ground clearance angle
longitudinal ground clearance
angle

lift-off angle

fpm or fps
ft

ft2

hp

ft2

fta

sec, min, hr
ibs
mph, fps, kts

lbs

ft, in

ft’ in

ft

deg, rad
deg, rad
deg, rad

deg, rad

deg, rad
slugs/ft

deg, rad

deg, rad
deg, rad

deg, rad

iii
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abs
cat
el
cr
crew
erit
c/e
c/4
des
dry

e

FL
guess

le

LG
Lo
max
ME
OE
PA
PL
RC

res
reqd

TO
TOG

te
tent
tfo
used

Downwash angle —
twist angle deg, rad

spanwise station, fraction =  —===-

of the span

lateral tip—-over angle . deg, rad
flight path angle deg, rad
bypass ratio = == 0 @ eeece

aileron
approach
absolute
catapult

climb

eruise

crew

critical
semi-chord
quarterchord
design

without fluids or afterburner
elevator

empty

flaps

fuel fraction
mission fuel
field length
guessed
altitude
horizontal tail
leading edge
landing
landing, ground
lift—off
maximum
manufacturer's empty
operating empty
power approach
payload

rate of climb
root

reserve
required

stall

take~off
take-off, ground
tip

trailing edge
tentative
trapped fuel and oil
used

wing

iv
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Acronyms

AEQ
APU
B.L.
c. g.
F.S.
OE]
OWE
PARX
p.d.
R. S.
sls
TBP
W. L.

wetted
wing-body
wind over the deck

Rll engines operating
ARuxiliary power unit
Buttock line

Center of gravity
Fuselage station, Front spar
One engine inoperative
Operating weight empty
Passengers

Preliminary design
Rear Spar

Sea level standard
Turboprop

Waterline
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This report is completed in partial fulfillment of NASA-
USRA Grant NGT—-8001 requirements. The purpose of this report
is to present the class I configuration designs of a family
of commuter airplanes.
The proposed commuters range from 25 to 100 passengers.
It was decided that all the airplanes in the family should
have:
1) 2 aft fuselage mounted engines
2) Low wing )
3) T-tail type empennage
4) Tricycle type landing gear

The family concept is introduced in this report in an effort
to achieve structural, systems, and handling qualities
commonality throughout the passenger range. Implementing
commonality can substantially reduce manufacturing and
production costs. By achieving common system designs
maintenance costs can be reduced by allowing airlines to keep
a smaller inventory of spare parts. Therefore, the higher
degree of commonality that can be achieved will result in
lower direct operating costs and lower life cycle cost.
Table 1.1 lists these common features. Attempting to
implement many of these commonality requirements has caused
configuration design problems. The twin—body concept is
introduced in an effort to retain commonality throughout the
passsnger range.

Chapter 2. discusses the commonality objectives to be
designed into the commuter family. Chapter 3. discusses the
seven class I configuration designs. Chapter 4. compares the
design data to existing airplanes. The extent of structural,
systems, and handling qualities commonality achieved will be
reviewed in Chapter 5. Conclusions and recommendations are
contained in Chapter 6.



TABLE 1.1 COMMON FEATURES DESIRED IN THE ADVANCED TECHNOLOGY
COMMUTER FAMILY

FEATURE IMPLEMENTATION
Fuselage cross section Completed
Common landing gear ) Completed

Tires and brakes
(Both nose and main gear)

Common landing gear struts Completed
andvrctraction scheme

Common wing torque box Compl.tod*
Common empennage torque box Forthcoming
Common powerplants Complet.d**
Common cockpit pomplctod

Instrumentation

Common flight systems Forthcoming
Flight control
Fuel
Pressurization
De-icing

NLF airfoil technology Implnmontcd.

*Structural analysis in progress

**Two powerplants were selected. A 6000 shp engine, and a
13500 shp engine for the 75 and 100 passenger models.
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. Commonality Objectives for the Commuter Famil

The purpose of this chapter is to state the items
(structural, systems, operational) that are or will be
common to every airplane in the commuter family. After the
Class I configurations are presented, an analysis of the
extent in which commonality was integrated will be
detailed. This is accomplished in Chapter S.

Commonality of airplanes in the family is an effort to
substantially lower acquistion and operating costs for the
airplanes. In turn, the airlines will have a wide ranpe of
passenger capacity airplanes to operate. R high degree of
structural and systems commonality will also result in a
smal ler spare parts inventory for the airline.

Fus r ion

All airplanes in the family have a 4-abreast seating
arrangement. The fuselape cross section is presented in
Figure 2.1. The rationale for arriving at this decision is
given in Appendix A.

2. Fligh eck La t

A preliminary flight deck layout is shown in Figure
2.2. Appendix A describes the flight deck layout and
provides a list of cockpit instruments. In the interest of
instrument commonality, it was decided that all members of
the family have two engines.

o =) rplant Sel

The commuter family utilizes an advanced turbo-prop
engine with 10 ft. diameter counter—-rotating propellers.
From engine sizing requirements discussed in Chapter 3, it
was determined that cruise speed and landing fieldlength
requirements were critical. These requirements determined
the required take~off power for esach member of the commuter
family. '

Two shp models were necessary. A 6000 shp engine
powers the 25 to 50 passenger models. A 13,500 shp engine
powers the 75 and 100 passenger models. For some of the
airplanes, it is necessary to derate the engine horsepower.
Table 2.1 presents required take—off power requirements and
derated horsepowers for the commuter family.

Derating some of the engines will allow for longer
service life because engine cores will not have to burn as
hot and will be able to last longer. Figure 2.3 presents
dimensioned view of the PD436-11 powerplant. The engines
used in the commmuter family are scaled from this engine.
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Figure 2.3 PD436-1] Powerplant




Passenger Take-0ff Total Derated
Model Power (shp) Engine Engine
Power (shp) Power (shp)

25 Passenger 8,419 2x6000 2x4500
36 Passenger 8,970 2x6000 2%4500
50 Passenger 11, 000 2x6000 ———
75 Pass. (conv.) 19,6§O 2x13, 500 2x10, 000
100 Pass. (conv.) 26, 750 ex13, 500 -
Twin—-body 75 Pass. 18, 000 2x13, 500 2x9, 000
Twin—-body 100 Pass. 22,000 2x13, 500 2xi11, 000

<4 Wing and Airfoil Desjign

A natural laminar flow airfoil similiar to the
HSENLF (1)=0213 is used on all members of the commmuter
family. Appendix C presents the airfoil cross section
and design data. Table 2.2 contains Reynolds numbers for
the wings. Transition Reynolds numbers directly related to
the amount of laminar flow obtained on the airfoil. These
Reynolds numbers range from approximately 11 to 30 million.
As the Reynolds number increases over the wing, less
chordwise laminar flow is realized.

To minimize induced drag an aspect ratio 12 cantilever
wing was designed for all airplanes in the commuter family.
The high aspect ratio translates into a relatively heavy
wing. Appendix O contains a wing weight trade study. Table
2.3 contains the wing planform geometry for all of the
commuter family.

. anding Gear

All landing gear, nose and main, have the same 30" x
9" tire. The main gear wheel base and retraction scheme is
desired to be the same. This allows for similar strut
sizing for the airplanes. Appendix D contains the main
gear retraction scheme for the commuter familuy. A landing
gear tire size study is also included in Appendix D. Table
2.4 provides the number and size of the tires on each gear
strut.

ORIGINAL PAGE IS
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Passenger Modoi ' R (xlos) RN (xlos)
root tip

25 Pax 16.9 6.8‘

36 Pax 17. 4 7.0

50 Pax 19.9 8.0

75 Pax (conv.) 28.2 11.3

100 Pax (conv.) 32.9 13.2

Twin-body 75 Pax 17.4 7.0

Twin—-body 100 Pax ‘ 19.9 8.0

Table 2, 3--Wing ngmétrz of the Commuter Family.

Passenger 25 36 SO 75 100 7S 100
Model Pax Pax Pax Pax Pax Pax Pax
conv conv twin twin
Parameters
Area, S (fta) 421 449 591 1178 1604 722 o923
Span, b (ft) 71.1 73.4 84,3 119 139 10S 118
Aspect ratio, A 12.0 12.0 112.0 12.0 112.0 15.1 1S5.1
MGC, c© (ft) 6.28 6.50 7.46 10.5 11.6 7.50 8.33
Taper ratio, 0. 4 0.4 0.4 0.4 0. 4 0.4 0. 4
Leading edge 15 15 15 15 15 15 15
sweep, (deg) -
Dihedral, (deg) . 7 7 7 7 7 7 7
Thickness, t/c .13 .13 .13 .13 .13 .13 .13
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2.6 Wing Torgue Box

Figure 2.4 presents the 25, 36, and S50 passenger wing
planforms with the torque boxes included. These wing
planforms are also utilized on the twin body concepts
presented in Chapter 3. A common wing carry thru structure
is possible if these three planforms are used throughout
the family.

Figure 2.5 presents the wing cross sections. The
torque box structure is common to all the wing sections.
The L.E. and T.E. sections are faired in to retain as much
of the NLF airfoil characteristics as possible. Appendix G
contains the design work computed for this proposal.

. Taj one Ar n

Rll airplanes in the family have the same fuselage
tailcone on all the airplanes. It is desired to keep the
vertical tail root spar locations identical positions on
all tailcones. When Class Il weipht and balance work is
concluded, a common empennage arrangement will be proposed.
Table 2.5 contains empennage geometric data for the
commuter family.

2.8 Systems Commonality

Common system design will be attempted for the
following systems:

i. Fuel system.

2. Flight controls.
3. Hydraulics.

4. Pressurization.
S. De-icing.

2.8.1 Fuel System

All airplanes in the commuter family carry fuel in the
wing. Since a common wing torque box arrangement is
proposed, some of the integral fuel tanks can possibly be
the same on all airplanes. However, the varying wing spans
and required fuel volumes will not allow for complete
system commonality. Similar vents and access panels will
be incorporated into all members of the family. Fuel flow
rates will determine if similar fuel pumps can be used on
all family members.

2.8.2 Flight Control System

A separate surface stability augmentation system is
proposed to achieve identical handling qualities throughout
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Passenger Model

Nose pear

Main gear
(per strut)

25 Pax

36 Pax

S0 Pax

Conv. 75 Pax
Conv. 100 Pax
Twin 75 Pax

Twin 100 Pax

Jable 2.S5-—Empennage Geometry

2 x 30" x 9"
2 % 30" x 9"
2 x 30" x 9"
2 x 30" x 9"
2 x 30" x 9"
2 »x 30" x 9"
2 x 30" x 9"

e x 30" x 9

2 x 30" x 9"

2 x 30" x 9"
2 x 30" x 9"
4 x 30" x 9"
2 x 30" x 9"

a X 30 L] » 9 1]

for the Commuter Family.

Passenger 25 36 SO 75 100 7S 100
Model Pax Pax Pax Pax Pax Pax Pax
conv, conv, twin twin
Parameters
Horizontal Tajl:s
Area, S, (££2) 69 69 102 134 1S5 102 102
Span, bH (ft) 16.6 16.6 22.6 26.7 28.7 22.6 22.6
MGEC, EH (ft) 4.20 4,20 4.68 S.42 S.40 4.68 4,68
Rspect ratio, A 4.0 4.0 5.0 5.3 8.3 5.0 5.0
Taper ratio, )\ 0.7 0.7 0.5 0.35 0.35 0.5 0.5
L.E. sweep, (deg) 20 20 25 22 a5 25 25
Vertical tail:s
Area, SV (fta) 170 130 170 363 303 130 140
Span, bv (ft) 14.0 12.0 1S.4 22.5 20.6 12.0 15.4
MGC, EV (ft) 13.3 11.9 11.4 i16.4 15.0 11.9 9.40
Aspect ratio, A 1.15 1.10 1.40 1.40 1.40 1.10 1.70
Taper ratio, ) 0.3 0.3 0.5 0.6 0.6 0.3 0.5
L.E. sweep, (deg) 5S4 S8 40 42

435 58 40

12
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the passenger range. This system will make use of electro-
hydrostatic actuation. A particualar actuator has not yet
been decided upon. A control system design has not yet
been completed. Figure 2.6 shows a proposed separate
surface stability augmentation system that could be
incorporated into the commuters.

2.8.3 Hydraulic System

A common operating pressure hydraulic system will be
implemented for the landing gear actuation. Further study
is neccesary to determine the operating capabilities of
this system,

. 8.4 Pre rizatjon

All passenger cabins in the family are pressurized to
a 5000 ft. atmosphere at 30,000 ft. Rll airplanes
willutilize the same pressurization system.

2.8.5 De-Icing System

The T.K.S. de—icing system, which will also double as
& bug=cleaner, will be implemented into the commuter
family. The T.K.S. system is a liquid ice protection
system that distributes a solution onto the leading edge of
the wing through a porous wing skin, Cleaning the leading
edge is required to preserve the laminar flow over the
wing. The L.E. volume of the wings will be checked to see
if one size system can be implemented.

ORIGINAL PAGE IS
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3. PRESENTATION OF CLASS 1 DESIGNS QUALITY

The purpose of this chapter is to document seven class I
configurations for the Advanced Technology Commuter Family.
The reason for developing these baseline designs is to have a
series of reasonably firm configurations on which to perform
realistic studies of the feasibility of achieving the
commonality goals stated in Table 1.1. The baseline designs
evolved from a set of mission specifications listed in Table
3.1

Sections 3.1 through 3.7 address the class ] design-
evolution of these baseline designs.

Section 3.1 presents the 25 passenger model, the
smallest capacity airplane in the family. The subject of
section 3.2 is the 36 passenger derivative. The 36 passenger
configuration was used to develop a 75 passenger twin
fuselage configuration. This 75 passenger configuration is
the subject of section 3.3. Section 3.4 presents the 50
passenger derivative. Section 3.5 presents a 100 passenger
twin fuselage design. This twin-fuselage was developed from
the SO passenger model. Section 3.6 and 3.7 presents 75 and
100 passenger derivatives that are of conventional
configuration. It was found that implementation of many
commonality objectives were not possible with these large
conventional configurations. A commonality analysis is the
subject of chapter 5. :

TAB . Mission i i ion for the Commuter Fami
25 _pax 36 pax SO pax 75 _pax 100 pax

Payload (lbs) 5125 7380 10250 18375 20500
Crew (lbs) 410 615 615 820 820
Range (n.m.) 1100 1100 1100 1500 1500
Altitude All Cruise at 30,000 ft.
Cruise Speed All Cruise at Mach .70
Climb All Climb-~ocut at 3000 fpm
TOFL, LFL All Field Lengths are 3,500 ft
Powerplants (shp) 6000 6000 6000 13500 13500
Derated (shp) 4500 4500 6000 9000 13500
Pressurization Rll Pressurized S000 ft at 30000 ft
Certification All FAR 2S5 .

15
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3.1 PRELIMINARY DESIGN OF THE 25 PASSENGER
BRSEL INE CONF IGURATION

Figure 3.1.1 contains the class I 3-view for the 25
passenger commuter. Table 3.1.1 contains the ‘geometry of the
configurations

S. 1.1 INITIAL WEIGHT AND PERFORMAN SIZING FOR TH t=]
PASSENGER BASELINE CONFIGURATION

2 1.1, NITIAL W HT N

Initial weight sizing was conducted using a method in
Reference 1. The following assumptions were made for the
airplane:

1) (L/D)cr -.16

2) C, = 0.4 lbs/hp/hr

The above assumptions and the mission specifications, given
in Table 3.1.2, yielded the airplane weights and
sengitivities in Table 3.1.3. Appendix H, section H.2
contains output from XEWTOG, a computerized weight sizing
method developed at the University of Kansas.

3.1 INITIAL PERFORMAN N

XPRFRM, a computer program developed at the University
of Kansas, was used to determine the required take—-off power,

pTO and wing area, S that meet the performance criteria given

in Table 3.1.2. XPRFRM follows the method of Reference 1.
Maximum lift coefficients and wing aspect ratioc are also
determined. Figure 3.1.2 shows the required power loading,
wing loading combinations that satisfy the performance
criteria. From Figure 3.1.2 it is determined that cruise
speed and landing field length requirements are critical for
this airplane. The results of the performance sizing effort
are listed in Table 3.1.2. Appendix H, section H.3 details
the computer output of XPRFRM.

ORIGINAL PAGE I§
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TABLE 3.1.1 TABLE OF GEOMETRY FOR THE 25 PASSENGER COMMUTER

WING HORIZONTAL TAIL
s ft 421 69
b ft 71.1 16.6
c ft 6. 28 4.2
c LE F.S. 487 in 962 in
A 12 4
[ -] ©
A g 15 20
by . b .7
t/c .13 root .11
Airfoil NLF NLF (sym)
r 7 0°
i o° oe

elevator chord
ratio .36

Spoiler: chord ratio .08
span ratio .80 to .90

Flap: chord ratio .15
span ratio .11 to 1.0

FUSELAGE CABIN INTERIOR

Length ft 69. 4 22.9
Height in 96 76
Width in 96 91

VERTICAL TAIL

170
14

13. 33
795 in
1.15
84 ©

3
« 11
NLF (sym)

oe
(o104

rudder chord
ratio ,35

QVERALL

74.6
320
asa

17
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TABLE 3.1.2 MISSION SPECIFICATION FOR A 25 PASSENGER
ADVANCED TECHNOLOGY COMMUTER AIRPLANE

PRYLOAD:

CREW:

RANGE :

ALTITUDE:

CRUISE SPEED:

CLIMB:

TAKE-OFF AND

25 passengers at 175 lbs each with 30 1lbs of
baggage per passenger, carry-on luggage
capability is required

€ pilots at 175 1lbs each with 30 1lbs of
baggage each

1100 mm with maximum payload with 25% fuel
reserves

30,000 ft at the design range
Mach = 0.70

climb rate of 3000 fpm

LANDING: 3500 ft balanced field length
POWERPLANTS:: advanced turboprops
PRESSURIZATION: 5000 ft cabin at 30,000 ft
CERTIFICATION
BASE : FAR 25
MISSION PROFILE:
L 4 2 )
CRUISE
4 1Cuime b DESCENT
TAKI
‘2 32
& 7 \ 4

————
' TAKE -OF F

ENGINE START -UuP

LANDING, TAX:
AN SHUT L OW M

19
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TABLE 3.1.3 INITIAL SIZING PARAMETERS FOR THE 25 PASSENGER
OMMUTER

Weights: Take—off Weight - = 21046 lbs

Yo
Operating Weight Empty - NOE = 12154 1lbs
Payload Weight - HPL = 5125 lbs
Crew Weight - HCREN = 410 lbs
Mission Fuel Weight - HF = 3767 lbs
Wing Area - § = 421 fta
Wing ARspect Ratio -~ A = |2
Take—off Power - pTD = 8419 shp
Required Lift Coefficients -
Clean CL = 1.4
MAX
Take—off CL = 1.4
mMAax
Landing CL = 2.2
MAX
Take~off Weight Sensitivities -
ald .
;EIQ = 20026.3 (lb/1b/hp/hr)
p
ol
—I8 . _g424.2 (1bw)
dn
P
ol
—19 _ _
a(L/D) = ~500.7 (lbs)
aW
T;Q- 7.3 (1b/vm)

2: 1.2 FUSELAGE AND COCKPIT LAYOUTS

The 25 passenger airplane has the same flight deck
layout and fuselage cross section as the rest of the commuter
family. The cockpit design and the fuselape cross section
are contained in Appendix A, The lengths of the fuselage and
cabin are given in Table 3.1.1.

The design methodology followed the steps in
Reference 2. and 3.

3.1.3 ENGINE SELECTION

The commuter family will be powered by 2 advanced
turboprop engines. The 25 passenger requires the use of two
6000 shp turboprops.

Appendix B contains engine data for the airplane.

ORIGINAL PAGE IS
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3.1.4 WING AND FLAP DESIGN OF POOR QUALITY

Table 3.1.1 presents the geometry of the wing and flaps.
Parameters such as leading edge sweep and wing thickness were
dictated by the selection of an NLF Airfoil. ARAppendix C
contains the airfoil cross section and airfoil parameters.
Wing parameters were selected using the method of
Reference 2. chapter 6.

The flaps were sized to a CL = 2.,2. This required

MAXL
the use of fowler flaps. The sizing methods used are
contained in chapter 7 of Reference 2. The design

calculations are in Appendix H, section H. 4.
1 N _QOF TH MPENN

Table 3.1.1 shows the empennage for the 25 passenger
airplane. Initially the V-bar method of chapter 8 in
Reference 2. was used to size the empermage. The design
calculations are in Appendix H, section H.5. The initial
tail areas that resulted are listed below:

s, = 5! 2

Sv = 57 ft
The empennage was redesigned from stability and control
considerations. These considerations are discussed in
section 3.1.9.

1.6 NTR LURFA N
1.6, ATERAL — DIRECTIONA NTR

~ Since full span flaps were required for landing,
spo lers were used in place of ailerons. The spoiler
geometry was determined from chapter 8 of Reference 2.
Spoiler geometry is contained in Table 3.1.1. The rudder was
also sized from methods in chapter 8 of Reference 2. Its
geometry is contained in Table 3.1.1.

S.1.6.2 LONGITUDINAL CONTRQLS

The elevators were sized using methods in chapter 8 of
Reference 2. The geometry of the elevator is contained in
Table 3.1.1

S.1.7 LANDING GEAR DESIGN

From Reference 2. chapter 9. it was determined that a
30" x 9" tire could be utilized for the nose and main landing
gear on every airplane of the commuter family. A preliminary
retraction scheme for the main gear is shown in Appendix D.
The gear placement was dictated by the weight and balance

a2
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OF POOR QuaLrry

calculations shown in section 3.1.8. Lateral tip-over, and
longitudinal gear placement criteria given in Reference 2.
were met. Appendix H, section H.6 contains the lateral tip-
over calculations.

S3.1.8 CLASS 1 WEIGHT AND BALANCE CALCULATIONS

Class I component weights were calculated by averaging
typical take—off weight fractions of commuter airplanes. .
Appendix F contains the class I weight fractions for the
commuter family. Using methods in chapter 10 of Reference 2.
A preliminary weight and balance of the 25 passenger commuter
was determined. Component weights and center of gravity
locations are contained in Table 3.1.4. A general
arrangement drawing is contained in Figure 3.1.3. The center
of pravity excursion diagram is contained in Figure 3.1.4.
The 25 passenger commuter has a 13.4" excursion range. This

is .18 € .
w

S3:1.9 STABILITY AND CONTROL RESULTS

A class I stability and control analysis was performed
using the methods of Reference 2. chapter 11. Table 3.1.5
contains peometric quantities and stability derivatives
necessary to size the empennage from stability and control
considerations. Design calculations are located in
Appendix H, section H.7.

2 9. NGITUD INA 1A Iy

From methods in chapter 1i. of Reference 2. the
horizontal tail was resized to incorporate a desired static
margin of S%X. Appendix H, Figure H.2 presents the
longitudinal X-plot for the airplane. From this plot it is

seen that a tail area of 66 fta is required. Because this
required horizontal tail area is very similar to that
required for the 36 passenger configuration, it was decided
to implement the tail required for the 36 passenger airplane
on both configurations. This is a very acceptable compromise
between performance requirements and commonality.

8.2 ATERAL. ~ DIRECTIONA T TY

From methods in chapter 11 of Reference 2. the vertical
tail area required to hold engine-out flight was determined
to be critical. Appendix H, section H.7 details the engine-
out calculations. The engines were put at a five degree cant
to lessen the thrust moment arm about the C.G. This allowed

23
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TABLE 3.1.4 25 PASSENGER ZOMMUTER
CLASS 1 WEIGHT AND BALANCE CALCULATION

* COMPONENT W, X W.x, Zz, W.z.
i i i i i i
i. Fuselage 2526 487 120
2. Wing 2294 520 110
3. Empernnage 568 920 252
b, Engine 2526 520 232
S. Nose Gear 288 250 65
Main Gear 575 350 65
6. Fixed eqpt. 2862 487 124
Empty Weight: W_ = 11639 6041166 X = 519
e CB e
y4 = 146
- .
7. Trp. fuel/oil 105 555 110
a. Crew 410 195 124
Operating Weight Empty: W__= 12154 6179391 X = 508
oE SQ.ce
4 = 145
Clvoe
S. Fuel 3767 520 110
W + W_ = 15921 8138231 X = 511
OE F L Wr—
10. Passengers S125 472 124
W + W = 17279 8598391 X = 498
OE pax cguoe+wpax
Take—-off Weight: W = 21046 10557231 X = 502
TO 1 NV .
Zc = 133
Buto
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TABLE 3.1.5 STABILITY AND CONTROL RESULTS FOR THE

25 PASSENGER COMMUTER

= 421 ft°

s
c = 6.28 ft F.S. 487 = LE E“
b= 71.1 ft

2

SH = 69 ft

& = 170 ft2

ax = -, 34
B

X = -,09
X = .45 F.S S21

X = 6,30

= = .22

= .32 F.S5. S11
CG,rt

XV = 31.4 ft

*All results calculated from References 5. and 6.

a7
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OE POOR QUALITY,

for a vertical tail area of 170 fta. Appendix H, Figure H.3
contains a directional X-plot for the airplane. It can be

seen that 170 ft° vertical tail yields a e, = .0015 deg ',

B
2 1.10 As8S RAG POLAR

From methods in Reference 2 chapter 12. componant wetted
areas were Calculated. See Table 3.1.6. and Appendix H,
section H.8. From the total airplane wetted area and
assuming a skin friction coefficient of .002S, CD for the

-]
airplane was calculated. Table 3.1.7 contains the take-off,
cruise, and landing drag polars computed during the initial
performance sizing. These drag polars are compared to the
drag polars computed from wetted area considerations. These
class ] drag pclars more accurately represent the airplane.

Changes to CD for take—off and landing polars are given in

)
Appendix H, section H.8.
TABLE 3.1.6 WETTED AREA BREAKDOWN
COMPONENT WETTED AREA (ft°)
Wing 717
Horizontal Tail 142
Vertical Tail 349
Fuselage 1471
Engine Nacelles 90x2
Engine Pylons 80
Total 2939
From Figure 3.21 Reference 1, assuming a Ce = - 0028S.
=72 re°
c = f/S = 7,.2/421 = ,0171
D° ref

Now the drag polars can be calculated.

TABLE 3.1.7 DRAG POLAR COMPARISON

CONDITION INITIAL woy . CLASS T wo
Take-off C_=.0362+.0332 CC 14.4  C_=.0321+.0332 C_ 15.3
Cruise Cp=-0162+.0312 Co 22.2  C_=.0173+.0312 C. 21.5
Landing  Cp=.0662+.0332 cf 10.7  C_=.1071+.0332 cf 8.4

28



Assuming a CL = .3
CR

(L/D) = 14.9

CR

During initial take-off weight sizing (L/D) was

CR
assumed to be 16.
The sensitivities to HTD given in Table 3.1.3 show that:
al

T
s (L/D) =500.7 lbs

Therefore for the baseline configuration:

aA(L/D) = 14,9 - 16 = ~-1,1

CR
70 = SL/D) g SWio = s51 1bs
a(L/D)

Since “TD = 21046 lbs, the reduction in (L/D)CR

increase in “TO' This small change does not warrant resizing

of the airplane take-off weight.

ol

causes a 2.6%

a9



3.2 PRELIMINARY DESIGN OF THE 236 PASSENGER
BASEL INE CONF IGURATION

Figure 3.2.1 contains the class I 3-view for the 36
passenger commuter. Table 3.2.1 contains the geometry of the
configurations

S.2.1 INITIAL WEIGHT AND PERFORMANCE SIZING FOR THE 36

PA NGER _BA IN NF IGURAT ION

Ss 1.1 INITIAL W HT N

Initial weight sizing was conducted using a method in
Reference 1. The following assumptions were made for the
airvplanes

1) (L/D) = 16
er

’ 2) cp = 0.4 lbs/hp/hr

The above assumptions and the mission specifications, given
in Table 3.2.2, yielded the airplane weights and
sensitivities in Table 3.2.3. Appendix I, section I.2
contains output from XEWTOG, a computerized weight sizing
method developed at the University of Kansas.

S.2.1.2 INITIAL PERFORMANCE SIZING

XPRFRM, a computer program developed at the University
of Kansas, was used to determine the required take-off power,
pTO and wing area, S that meet the performance criteria given

in Table 3.2.2. XPRFRM follows the method of Reference 1.
Maximum lift coefficients and wing aspect ratio are also
determined. Figure 3.2.2 shows the required power loading,
wing loading combinations that satisfy the performance
criteria. From Figure 3.2.2 it is determined that cruise
speed and landing field length requirements are critical for
this airplane. The results of the performance sizing effort
are listed in Table 3.2.2. Appendix I, section 1.3 details
the computer output of XPRFRM.

30



JABLE 3.2.1 TABLE OF GEOMETRY FOR THE 36 PASSENGER COMMUTER

WING HORIZONTAL TAIL
2
s ft 449 69
b ft 73. 4 16. 6
c ft 6.5 4.2
c LE F.S. 571 1080
A 12 4
© o
ALE 1S 20
A ol 4
t/e «13 root .11
Rirfoil NLF NLF (sym)
r 7e 0e°
i 3¢ oe
elevator chord
ratio .36
Spoiler: chord ratio .12
span ratio .58 to .88
Flap: chord ratio .25
span ratio .11 to 1.0
FUSELAGE CABIN INTERIOR
Length ft 78.1 36.7
Height in 96 76
Width in 96 91

VERTICAL TAIL

130
i2

11.88
938
1.1
380

«3
«11

NLF (sym)

oe°
oe

rudder chord
ratio .35

OVERALL
86.0

290
1-1-31

31
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TABLE 3.2.2 MISSION SPECIFICATION FOR A 36 PASSENGER

ADVANCED TECHNOLOGY COMMUTER AIRPLANE

PRYLOAD:

CREW:

RANGE :

ALTITUDE:

CRUISE SPEED:

CLIMB:

TAKE-OFF AND
LANDING:

POWERPLANTS:

PRESSURIZATION:

CERTIFICATION
BASE :

36 passengers at 175 lbs each with 30 lbs of

baggage per passenger, carry-on luggapge
capability is required

2 pilots and 1 flight attendant at 175 lbs
each with 30 1bs of baggape each

1100 nm with maximum payload with 25% fuel
reserves

30,000 ft at the design range
Mach = 0,70

climb rate of 3000 fpm

3500 ft balanced field length
advanced turboprops

S000 ft cabin at 30,000 ft

FAR 25

MISSION PROFILE:

@ =3 *®
CRUISE
N N TYY L DESCENT
TAK|
] 2 -
® *
4 TAKE -OF F

ENGINE START -UR

LANDING, TAK)
AND SHUTRBW AN

>3



TABLE 3.2.3 INITIAL SIZING PARAMETERS FOR THE 36 PASSENGER

COMMUTER
Weights: Take—off Weight - uTD = 31395 lbs
Operating Weight Empty - uOE = 18395 lbs
Payload Weipght - NPL = 7380 lbs
Crew Weight - HCREN = 615 lbs
Mission Fuel Weight - HF = 5620 lbs
Wing Area - S = 449 fta
Wing Aspect Ratio - A = 12
Take=-off Power - pTO = 8970 shp
Required Lift Coefficients -
Clean CL = 1.4
MAX
Take-off CL = 1.4
) MAX
Landing CL = 3,0
MAX
Take—off Weight Sensitivities -~
ol
So2 = 30976.4  (1b/1b/hp/hr)
P
oW
19 = =14577.1 (lbs)
8n
P
oW
T -
37:7%7 s =744.4 (lbs)
alW
T0
R - 11.3 (lb/vm)
2.2 F AGE AN OCKPIT LA T

The 36 passenger airplane has the same flight deck
layout and fuselage cross section as the rest of the commuter
family. The cockpit design and the fuselage cross section
are contained in Appendix A. The lengths of the fuselage and
cabin are piven in Table 3.2.1.

The design methodolopy followed the steps in
Reference 2. and 3.
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OF POOR QUALITY,
3.2 ENGINE SE TION

The commuter family will be powered by 2 advanced
turboprop engines. The 36 passenger requires the use of two
6000 shp turboprops.

Appendix B contains engine data for the airplane.

24 _WING AND FLAP GN

Table 3.2.1 presents the geometry of the wing and flaps.
Parameters such as leading edge sweep and wing thickness were
dictated by the selection of an NLF Airfoil. Appendix C
contains the airfoil cross section and airfoil parameters.
Wing parameters were selected using the method of
Reference 2. chapter 6.

The flaps were sized to a C = 3,0. This required

L
MQXL

the use of fowler flaps. The sizing methods used are
contained in chapter 7 of Reference 2. The design
calculations are in Appendix I, section 1.4,

3.2.5 DESIGN OF THE EMPENNAGE

Table 3.2.1 shows the empennage for the 36 passenger
airplane. Initially the V-bar method of chapter 8 in
Reference 2. was used to size the empernmage. The design
calculations are in Appendix I, section I.5. The initial
tail areas that resulted are listed below:

s, = 69 ft°
s, = 78 ft°

The empennage was redesigned from stability and control
considerations. These considerations are discussed in
section 3.2.9.

S.2.6 CONTROL SURFACE SIZING
1 2.6, ATERAL - RECTIONA ONTRO

Since full span flaps were required for landing,
spoilers were used in place of ailerons. The spoiler
geometry was determined from chapter 8 of Reference 2.
Spoiler peometry is contained in Table 32.2.1. The rudder was
also sized from methods in chapter 8 of Reference 2. Its
geometry is contained in Table 3.2.1.

S.2.6.2 LONGITUDINAL CONTROLS

The elevators were sized using methods in chapter 8 of
Reference 2. The geometry of the elevator is contained in
Table 3.2.1

36
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3.2.7 LANDING GEAR DESIGN OF POOR QUALITYj

From Reference 2. chapter 9. it was determined that a
30" x 9" tire could be utilized for the nose and main landing
pear on every airplane of the commuter family. A preliminary
retraction scheme for the main gear is shown in Appendix D.
The pear placement was dictated by the weight and balance
calculations shown in section 3.2.8. Lateral tip-over, and
longitudinal gear placement criteria given in Reference 2.
were met. Appendix I, section .6 contains the lateral tip-~-
over calculations.

3.2.8 A 1 W HT_AN AL.AN 2] ATION

Class I compornent weights were calculated by averaging
typical take—off weight fractions of commuter airplanes.
Appendix F contains the class I weight fractions for the
commuter family. Using methods in chapter 10 of Reference 2.
A preliminary weight and balance of the 36 passenger commuter
was determined. Component weights and center of gravity
locations are contained in Table 3.2.4. A general
arrangement drawing is contained in Figure 3.2.3. The center
of gravity excursion diagram is contained in Figure 3.2.4.
The 36 passenger commuter has a 22" excursion range. This is

.28 ¢ .
w

2.2.9 STABILITY AND CONTROL RESULTS

A class I stability and control analysis was performed
using the methods of Reference 2. chapter 11. Table 3.2.5
contains geometric quantities and stability derivatives
necessary to size the empermage from stability and control
considerations. Design calculations are located in
Appendix I, section 1.7,

S3:2.9.1 LONGITUDINAL STABILITY

From methods in chapter 11. of Reference 2. the
horizontal tail was resized to incorporate a desired static
margin of 5%. Appendix I, Figure 1.2 presents the
longitudinal X-plot for the airplane. From this plot it is

seen that a tail area of 62 fta is required. Since 69 fta

was the original estimate, it was decided that not enough
area change occurred to warrant resizing the horizontal tail.

3.2.9.2 LATERAL ~ DIRECTIONAL STABILITY

From methods in chapter 11 of Reference 2. the vertical
tail area required to hold engine—-out flight was determined
to be critical. Appendix I, section 1.7 details the engine-
out calculations. The engines were put at a five degree cant

37



20/
L4
kel
Lol
"y
22*
(12
»l
”5
239/

~5ied
) 2994753
N

fq‘..- ~

Q

38



JABLE 3.2.4 36 PASSENGER COMMUTER

CLASS I WEIGHT AND BALANC ALCULATION
# COMPONENT W, X, W.x. z, W.z.
i i i i i i i
1. Fuselage 3767 S41 191
2. Wing 3422 610 166
3. Empennage 847 1045 320
4, Engine 4108 700 276
S. Nose Gear 429 125 137
Main Gear 858 620 137
é. Fixed eqpt. 4270 525 191
Empty Weight: w. = 17698 10741347 X 0 = 607
we
4 = 208
Clune
7. Trp. fuel/oil a2 655 166
8. Crew 615 200 191
Operating Weight Empty: W__= 18395 10918057 X = 594
QE C8uce
Zc = 207
Quoe
9. Fuel 5620 60S 166
W + W_. = 24015 14318157 X = 596
0OE F O oe+wf
10. Passengers 7380 525 191
“OE + Hp.x = 25775 14792557 xcg = 574
woe+wpax
Take-off Weight: = 31395 18192657 X = 579
TO cg
wto
Zc = 196
Swto
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JABLE 3.2.5 STABILITY AND CONTROL RESULTS FOR THE
36 PASSENGER COMMUTER

S = 449 fta

cC =6.5 ft F.S8. 571 = LE E“

b= 73.4 ft
2

SH = 69 ft

S = 130 ft°

ax = -,33
ACy
X = -,08
AC, g
X = .43 F.S 604

QCn

X = 6,40
AC,,

= ,33 F.S. 597
aft
xv = 34,67 ft

‘All results calculated from References S. and 6.
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to lessen the thrust moment arm about the C.6G. This allowed

for a vertical tail area of 130 ft5, Appendix I, Figure I.3

contains a directional X-plot for the airplane. It can be

seen that 130 fta vertical tail yields a c, = » 0030 dog-l.

8
+ 2. 10 ASS_ 1 DRAG POLAR

From methods in Reference 2 chapter 12. component wetted

areas were calculated. See Table 3.2.6. and Appendix I,
section 1.8. From the total airplane wetted area and
assuming a skin friction coefficient of .0025, CD for the
o
airplane was calculated. Table 3.2.7 contains the take—off,
cruise, and landing drapg polars computed during the initial
performance sizing. These drag polars are compared to the
drag polars computed from wetted area considerations. These
class [ drag polars more accurately represent the airplane.
Changes to CD for take—-off and landing polars are given in
o
Appendix I, section I.8.

TAB 3 WETT AREA BREAKDOWN
COMPONENT WETTED AREA (ft2)
Wing ' 788
Horizontal Tail 142
Vertical Tail 267
Fuselage. 1702
Engine Nacelles 90x2
Engine Pylons e2x2
Total 3203

From Figure 3.21 Reference 1, a;suming.n ce = - 00285,
f = 7.8 fta
c = /8 = 7,8/449 = ,0174
D° ref

Now the drag polars can be calculated.

T8 .2.7 DRAG POLAR ARISON
FLIGHT |
CONDITION INITIAL wmo cLAss I wmo
Take-off  C_=.0408+.0332 cf 13.6 Cy=- 0324+, 0332 cf i1s.2
Cruise € =. 0241+.0312 cf 18.2  Cp=.0176+.0312 cﬁ 21.3
Landing  Cp=.1076+.0332 cf 8.4  Cp=.1074+.0332 cﬁ 8. 4
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Assuming a CL = .3
CR

(L/D)CR = 14,7

During initial take-off weight sizing (L/D) was

CR
assumed to be 16.
The sensitivities to wTO piven in Table 3.2.3 show that:

éUT

al(L/D)
Therefore for the baseline configuration:

= =~744.4 lbs

8(L/D) o, = 14.7 - 16 = -1.3
8o = 8(L/DY g SWro = 968 1bs
a(L/D)

Since “TO = 31395 lbs, the reduction in (L/D)CR causes a 3%

increase in HTO' This 3% change does not warrant resizing of

the airplane take-off weight.
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.3 PRESENTATION OF THE 75 Assgnsg
TWIN--BODY CONFIGURATION

This section presents the class ] design of a 75
passenger twin—body configuration. A class I 3-view is shown
in Figure 3.3.1, with the corresponding pgeometric data in
Table 3.3.1. The most significant advantage of this
configuration is commonality. Major components of the 36
passenper desipn are used in the 75 passenger twin-body
configuration:

Commons Fuselage
Wing (outboard section)

Vertical Tail
Horizontal Tail

Cockpit
S.3.1 INITIAL WEIGHT AND PERFORMANCE SIZING FOR THE 75

JTWIN=BODY_ BASELIN NF IGURATION

3.3.1.1 INITIAL WEIGHT SIZING

The weight sizing methods in Reference 1. are empirical,
using data from past airplanes. Since a data base on twin-
body airplanes is nearly non—-existent, this method was not
used, To estimate the twin—-body weight the 36 passenger
airplane weights were doubled. Then adjustments for specific
components were made:

Wing -1920 lbs (lighter center section)
Engines +260 1lbs (larger engines)

Eixed Equipment =801 1bs (1 cockpit)
Total Reduction —-2461 lbs

The mission specification and a typical mission profile are
given in Table 3.3.2. Mission weights and performance
estimates are presented in Table 3.3.3.

3. 3.2 FLISELAGE AN KPIT LAYQUT

The 75 passenger twin—-body configuration will use only
one cochkpit. The space allotted for the cockpit in the
second fuselage will be replaced with passenger seats. The
cockpit and fuselape cross sections are common with the other
airplanes in the commuter family. These cross sections are
shown in Appendix A, Fuselage and cabin dimensions are given
in Table 3.3.1.

3.3.3 [ENGINE SELECTION
The twin—body configuration had the possibility of using

3 engines. However, a suitable engine arrangement with 3
engines was not found, 80 2 larger engines were used. Using

b4



TABLE _3.3.1 TABLE OF GEOMETRY FOR THE 75 PASSENGER

JWIN-BODY CONFIGURATION

WING HORIZONTAL TAIL VERTICAL TAIL
2
s rt° 722 2x102 2x130
b ft 104. 5 22. 6 i2
c ft 7.5 4.68 11.88
¢ LE F.S. 571 1080 938
A 1S.1 S.0 1.1
ALE 18e¢ a5e° S5a°
x [ ] “ ® so Ll 3
t/c «13 root 11 211
Rirfoil NLF NLF (sym) NLF (sym)
r 7e oe o°
i - 09 0°
elevator chord rudder chord
ratio .36 ratio .35
Spoiler: chord ratio .12
span ratio .58 to .88 (outboard section)
Flap: chord ratio .25
span ratio .11 to 1.0 (outboard section)
FUSELAGE CABIN INTERIOR QVERALL
Length f¢ ' 78.1 36. 7 86.0
Height im 96 76 290
Width in 96 91 881
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TABLE 3.3.2 MISSIDON SPECIFICATION FOR A 75 PASSENGER
ADVANCED TECHNOLOGY COMMUTER AIRPLANE

PAYLODAD: 75 passengers at 175 lbs each with 30 1lbs of
baggage per passenger, carry-on luggage
capability is required

CREW: 2 pilots and 2 flight attendants at 175 lbs
with 30 lbs of bagppage each

RANGE 1500 »m with maximum payload and 25%X fuel
reserves

ALTITUDE: 30,000 ft at the design range

CRUISE SPEED: Mach .70

CLIMB: climb rate of 3000 fpm
TAKE-OFF AND

LANDING: 3500 ft balanced field length
POWERPLANTS: - Advanced turboprops

PRESSURIZATION: S000 ft cabin at 30,000 ft

CERTIFICATION
BASE: FAR 25

MISSION SPECIFICATION:

0 S —e
CRUISE
¥ [euime b DESCENT
TAKI
N L=,
TAKE -OF F LANDING, TAK)

ENGINE START-UP
AND SHUT MOW N
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JABLE 3.3.3 INITIAL SIZING PARAMETERS FOR THE 75 PASSENGER
TWIN-BAODY CONFIGURATION

Weights: Take—off Weight - NTO = 60683 1lbs
Operating Weight Empty - NOE = 34068 1lbs
Payload Weight - “PL = 15375 lbs
Crew Weight -~ “CREU = 820 lbs
Mission Fuel Weight - HF = 11240 1lbs
Wing Area - § = 722 fta
Wing Aspect Ratio - A = 15,1
Take-off Power - pTO = 18000 shp
Required Lift Coefficients -
Clean CL = 1,4
MAX
Take-off CL = 1,4
MAX
Landing CL = 3,0
MAX

two engines alsc improves the possibility of complete cockpit
commonality and pilot cross rating. Two 13500 shp engines
will be used. Data for these engines is contained in
Appendix B.

S: 3.4 WING AND FLAP DESIGN

The wing of the 75 passenger twin—body may be broken
into 2 outboard sections, and an inboard section. The two
outboard sections are identical to the wing for the 36
passenger airplane (see section 3.2.4). The inboard section
is a straight wing that joins the two fuselages at the wing
boxes. This section also transmits loads, and damps
vibrations, between the two fuselapes.

To achieve a high lift coefficient for landing, full
span fowler flaps along both inboard and outboard wings will
be required.

Data for the outboard wings (36 passenger) are given in
Table 3.2.1. The 75 passenper twin-body wing data is
presented in Table 3.3.1. Appendix C contains airfoil
section data for the NLF airfoil.

3.3.5 DESIGN OF THE EMPENNAGE

The empennage designed for the 36 passenger airplane
will be used on each fuselage of the 75 passenger twin-—body.
This will increase the commonality between the two airplanes.
Stability and control considerations for the 75 passenger

SAIGINAL PAGE IS
OF POOR QUALITY;
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twin~body may require furthe- modifications to the empennape,
which are discussed in section 3.3.9.

3.3.6 CONTROL SURFACE SIZING
3. 3.6.1 ATERAL -~ DIRECTIONA NTR

The lateral-directional controls used on the 36
passenger wing (spoilers) will also be used on the outboard
75 passenger twin—-body wings. Although the moment of inertia
for the twin~body is much preater, the distance of the
spoilers from the C.G. is also larger. Additional lateral-
directional control power may be required. Increasing the
spoiler span may solve this problem. Spoiler geometries are
given in Table 3.3.1.

26, NGITLID IN NTR

The elevators used on the 36 passenger airplane will
also be used on each of the horizontal tails. Elevator
geometry is presented in Table 3.3.1.

7 ANDING AR_D N

As with the rest of the commuter family, a 30"x9" tire
will be used for both main and nose gears. The gear location
will be common with the 36 passenger airplane to retain
commonality. Since the main gears are far from the C.G.,
lateral tip-over is not a concern. A pgear retraction scheme
is shown in Appendix D.

3.3.8_CLASS 1 WEIGHT AND BALANCE CALCULATIONS

A class ] weipht and balance calculation was done using
the method of chapter 10 in Reference 2. The component
weight estimates are listed in Table 3.3.4. Figure 3.3.2
shows the general arrangement and C.G6. locations of the

components in Table 3.3.4. There is a 23.7" (.26 E“> c. 6.
travel range between “os and NOE

diagram is shown in Figure 3.3.3.

3.3.9 STABILITY AND CONTROL RESULTS

Table 3.3.5 contains the peometric quantities and
stability derivatives used in the stability and control
calculations. The methods of chapter 11 in Reference 2 were
used for the class 1 calculations. The design calculations
are located in section M.2 of Appendix M,

+ W " The C.6. esxcursion
pax

-
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TABLE 3.3.4 75 PASSENGER TWIN BODY
CLASS 1 WEIGHT AND BALANCE CALCULATION

# Component W, X W.x. 3 W.2z.
i i i i i i~id
1. Fuselage 7534 S41 4076000 191 1440000
2. Wing 4923 610 3003000 166 820000
3. Empennage 1695 1045 1771000 320 540000
4, Engine 8470 700 5929000 276 2340000
S. Nose Gear asa 195 167000 137 117000
Main Gear 1716 &40 1098000 137 350000
6. Fixed eqpt. 7739 525 4063000 191 1480000
Empty Weight: u. = 32935 20107000 xcn = £§10.5
we
Zc = 211
Qe
7. Trp. fuel/oil 313 655 210000 166 S0000
8. Crew 820 200 160000 191 160000
Operating Weight Empty: “OE- 34068 20477000 xcg = 601
woe
Zc = 210
Swoe
9. Fuel 11240 630 7080000 166 1870000
HOE + HF = 45308 27557000 e = 608
guo¢+uf
10. Passengers 15375 525 8070000 191 2940000
“DE + W = 49443 28547000 X = 577
pax cﬂwo.+wpax
Take-off Weight: W = §0683 35627000 X = 587
TO cg
wto
Zc = 198
nuto

S1
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2:3.9.1 LONGITUDINAL STABILITY

It was originally envisioned that the horizontal tail of
the 36 passenger airplane could be used on the 75 twin-body
configuration. However, from stability and control
calculations using the methods of chapter i1 in Reference 2,
this was not possible. These calculations and the
corresponding X-plot are located in section M.2 of
Appendix M. From the X-plot, a 5% static margin would
require a horizontal tail area of 190 fta. To preserve
commonality, two 102 fta horizontal tails from the S50
passenger airplane will be used.

Using the method of chapter i1 in Reference 2, the
engine out for the 75 passenger twin-body is critical for the
vertical tail sizing (see Appendix M, section M.2). If the
vertical tails designed for the 36 passenger airplane are
used, a 27° rudder deflection is required to hold engine out.
From the directional X-plot located in Appendix M, Figure M.3

a total vertical tail area of 260 ft-

C. = .0018 deg l.
"

(2x130) produces a

23. 10 A RAE POLAR

The component wetted areas were calculated using the
method of chapter 12 in Reference 2, and are listed in
Table 3.3.6. A skin friction coefficient of f = ,0025 is
assumed. The increments in CD due to flaps, gear, and

(]

compressibility are identical to those used in section
3.2.10. Table 3.3.7 lists the drag polars for take-off,
cruise, and landing computed for this configuration. The
engineering calculation for the drag polars are located in
Appendix M, section M. 3.

Assuming 40%X of the take—off fuel weight has been used,
the cruise lift coefficient is CL = 0.36, The lift to drag

cr .
ratio is then:
(L/D) . = 15,3
er

From Figure 3.21 Reference 1, assuming a Ce = « 0025,

f = 14,5 fta

-C = /S = 14,5/722 = . 0201
D° ref

a3



JABLE 3.3.5 STABILITY AND CONTROL RESULTS FOR THE
75 PRASSENGER _TWIN-BODY CONFIGURATION
= 722 fte

= 7.5 ft
b = 104.5 ft

L.E. ¢ = F.S. 556

s, = 200 P

SV = 260 ft

ax = -, 39
ACy

X - -, 14
ACup

XACA = .foa F.S 592

X -5, 77
AC,,

S
c

2

c = 4,99 rad

= = .32

= .58 F.S. 608
aft
Xv = 34,67 ft

*All results calculated from References 5. and 6.



JABLE 3.3.6 WETTED AREA BREAKDOWN

COMPONENT WETTED AREA (ft )

Wing 1006

Horizontal Tail 420

Vertical Tail 534

Fuselage 3404

Engine Nacelles 248

Engine Pylons 480

Total 6092

TAa 7 RAG POLAR MPAR N

CONDITION CLASS 1 (L/D)max
Take-off CD = ,0351 + .0264 CE 16. 4
Cruise CD = ,0203 + .0248 Ci 22.3
Landing CD = ,1101 + .0264 Ci 9.3



4 P NTATION OF TH PA N NF RATION

Figure 3.4.1 contains the Class I 3~view for the 50 passenger
commuter. Table 3.4.1 contains the geometry of the configuration.

4,1 Injitijia izin f th =] nger m

From the methods in Reference 1, the weights and initial
performance parameters were selected. These parameters depended on
the mission specifications. These specifications and mission
profile are shown in Table 3.4.2. The following assumptions were
made for the airplane:

L (L/D) = 16
er
2) Cp = 0.4 lbs/hp/hr

The preliminary weight and performance sizing are done through the
use of two computer programs developed at the University of Kansas.
Appendix J, Section J.2 contains output from XEWTOG, the weight
sizing program. Section J.3 contains output from XPRFRM, the
performance program. The results of the initial weight and
performance sizing are given in Table 3.4.3. R performance
matching graph is displayed in Figure 3.4.2.°

& F 2]

The SO passenger airplane has the same cockpit and fuselage
cross section as the rest of the commuter family. The cockpit
design and fuselage cross section are contained in Appendix A. The
lengths of the fuselage and cabin are given in Table 3.4.1. The
design methodology followed the steps in References 2 and 3.

4 iry n

The commuter family will be powered by 2 advanced turboprop
engines. The 5O passenger airplane requires the use of 6000 shp
turboprops. ARAppendix B contains the engine data used.

S2b: 4 Wing and Flap Desipn

Table 3.4.1 presents the geometry of the wing and flaps.
Parameters such as leading edge sweep and thickness were dictated
by the selection of a natural laminar flow (NLF) airfoil. Appendix
C contains the airfoil cross section and airfoil parameters. Wing
parameters were selected using the methods of Reference 2, Chapter

The flaps were sized to a CL = 3.0, This required the
max
L
use of Fowler flaps. The sizing methods used are contained in

Chapter 7 of Reference 2. The design calculations are given in
Appendix J, Section J. 4.

56
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Table 3.4.2 Mission Specification for_ the

Passenger Advanced Technolo mmuter Air ne

PAYLOAD: ' 50 passengers at 175 lbs esch with 30 lbs of
baggage per passenger, carry-on luggage
capability is required

CREW: 2 pilots and 1 flight attendant at 175 1lbs each
with 30 lbs of baggage each

RANGE: 13100 nm ;ith max payload with 25% fuel reserves

ALTITUDE: 30,000 ft at the design range

CRUISE SPEED: MACH = .70

CLIMB: climb rate of 3000 fpm

TAKE-OFF AND

LANDING: 3500 ft balanced field length

POWERPLANTS: advanced turboprops

PRESSURIZATION: 5000 ft cabin at 30000 ft

CERTIFICATION
BASE: FAR 25

MISSION PROFILE:

5

[
CRUISE 1
¥y leume L DESCENT
TAKI
I 3 -
e —r————
1 TAKE -OF ° ¢

LANDING, TAX!
AN SHUThBW AN

ST

ENGINE START-Up



Table 3.4.3 Initial Sizing Parameters

for the S50 Passenger Commuter

Weights: Take-off Weight “TO = 42,057
Operating Weight Empty “OE = 23,963
Payload Weight NPL = 10,250
Crew Weight “CREN = 615
Mission Fuel Weight “F = 6,913

Wing Area S = 592 fta

Aspect Ratio A= 12,0

Take-off Power pTO = 11,000 shp

Required Lift Coefficients:

Clean

Take—off

Landing

S

c

Mmax

max

max

= 1.5

= 2,0
T0

= 3,0
L

Take-off Weight Sensitivities:

ol

oW

aW

ol

TO

TO

TO

TO

/

/

ac

on

P

P

/ 8(L/D) =

/

aR

39,784 1b/1b/hp/hr

-18,722 lbs

-994.6 1lbs

15.1 1bs

lbs

lbs

lbs

lbs

lbs
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& esign of th mpenn.

Table 3.4.1 lists the empennage geometry for the S50 passenger
airplane. Initially, the V-bar methods of Reference 2, Chapter 8,
were used to size the empennage. These initial areas are listed
below:

SH = 130 fta

s, = 130 ft¥
The empennage was redesigned from stability and control
considerations which are discussed in section 3.4.9.

S2.4: 6 Control Surface Sizing
& =T 3

Table 3.4.1 presents the aileron goomntry used. The methods
used were that of Reference 2, Chapter 8.

4 ng i in

The elevators were sized using methods in Chapter 8, Reference
2, and the geometry is summarized in Table 3.4.1.

&, 7 in o i -

From Chapter 9, Reference 2, it was determined that a 30 X 9
inch tire could be used on every airplane of the commuter family.
A preliminary retraction scheme for the main gear is shown in
Appendix D. The gear placement was dictated by the weight and
balance calculations shown in Section 3.4.8. Lateral tip-over and
longitudinal gear retraction criteria given in Reference 1 were
met. Appendix J, Section J.6 contains the lateral tip-over
calculations.

& s Weigh

A preliminary weipht and balance of the 50 passenger commuter
was determined by using methods in Reference 2, Chapter 10.
Component weights and center of gravity locations are contained in
Table 3.4.4. A general arrangement drawing is provided by Figure
3.4.3. The weight—center of gravity excursion diagram is contained
in Figure 3.4.4. The 50 passenger commuter has a 15 inch

excursion range which corresponds to 0.17 E“

62
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Jable 3.4.4 S50 Dagsgnggr Commuter Class 1

Weipht an alan ulation

No. Component Weight Xi
lbs in

1. Fuselage 5352 s78
2. Wing 4873 687
3. Empennage 1219 1155
4, Engine 4552 8355
Sa. Nose Gear 373 220
Sb. Main Gear 1497 720
6. Fixed Eqpt. 6177 598 -
Empty Weight NE = 24043
7. Trapped Fuel 210 745

and Oil
8. Crew 615 200

Operating Weight Empty: NOE = 24868

9. Fuel 6939 687

NOE + NF = 31807

10. Passengers 10250 630
Take—off Weight NTO = 42057
NTD - “F = 35118

in

148
127
340
229
74

64

148

X = 6§79
°°w¢

z = 161
COye

178
120

Xc = 668
gwoe

Zc = 160
gwoe

127

Xc = 672
gwoe+Uf

z_ = 153
Quoe+Wf

148

X = 662
Suto

Zc = 151
gwto

X = 657
Suto-Wf

z_ . = 156
Suto-wf

64
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tabili a) ntr 12}

A Class ]I stability and control analysis was performed using
methods of Reference 2, Chapter 11. Table 3.4.5 lists the
geometric quantities and stability derivatives necessary to size
the empennage from stability and control considerations. Design
calculations are located in Appendix J, Section J.7.

3.4.9.1 | itudinal Stabilit

From methods in Chapter 11 of Reference 2, the horizontal tail
was resized to incorporate a desired static margin of S percent. In
order to achieve a common horizontal tail with the twin body 100
passenger design, it was necessary to size the S50 passenger
horizontal tail to a static margin of 12.9 percent.

Figure J.2 in Appendix J shows that a longitudinal tail area of 102
ft  is required. This area will be used in place of the original
estimate of Section 2.4.85.

66



. ate -Direct ion

From methods in Chapter 11 of Reference 2, the vertical tail
area required to hold engine-out flight was critical. The engines
were put at a S5 degree cant to lessen the thrust moment arm about
the airplane center of gravity. This allowed for a vertical tail

area of 170 fta. Figure J.3 in Appendix J contains a directional x-

plot forthe airvplane. Iglis observed that a 170 ft2 vertical tail
yields €, = 0. 0958 rad .

2:4, 10 Clags 1 Drag Polars

From methods in Reference 2, Chapter 12, component wetted
areas were calculated and listed in Table 3.4.6. The calculations
for the wetted areas are given in Appendix J, Section J.8. From
the total airplane wetted area and assuming a skin friction
coefficient of Cf = 0. 0025, CD = 0.0169 was determined.

-]
Table 3.4.7 contains the take-off, cruise and landing drag polars
computed during the initial performance sizing. Changes to CD for
o
take-off and landing drag polars are given in Appendix J,
Section J.8.

Taking natural laminar flow into account should reduce the

airplane CD by at least 10 percent. RAssuming CL = 0.3,

' CR

(L/D)CR = 14.1. During initial take-off weight sizing (L/D)CR was
assumed to be 16. It appears that an increase in take—off weight
is necessary. From the take—off weipght sensitivities given in
Table 3.4.3, this change in (L/D) results in an increase in take-
off weight of 1889 lbs, or 4.5%. This amount change does not
warrant resizing of the airplane, assuming that the 10% reduction
in parasite drapg is possible.

ORIGINAL PAGE IS .
OF POOR QUALITY,
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Jable 3.4.5 Stapility and Control Results
for the 50 Passenger Commuter

= s92 ft°

= 7.46 ft L.E. €, = F.5. 642

s
c

b = 84.3 ft

s, = 102 £

s, = 170 P

ax = -0, 308
ICB

i.c = -0,058
WB

X.cA = 0. 465

= 6,35

C. = 4,72 rad-1

Cc = 3.64 r'ad-1

Cc = 1,87 rad-l

c, = 0.0958 rag~}

8
éc/da = O, 325

xc = 0,335 F.S. 672
naft

Xv = 37.2 ft

XH = 41.1 Tt

#All results calculated from References S and 6.




Table 3. 4.

6 Wetted Area Broakdown

Component Wetted Area
Wing , 1059
Horizontal Tail 207
Vertical Tail 351
Fuselage 2115
Engine Nacelles 180
Engine Pylons i24
-
Total - 4036 ft
f = 12,1 Cf = , 0025
CD = 0,0169
o
Jable 4. 7 rag P r Comparjson
]
Flight Condition Initial Class I
Take-off CD = 0,0634 + 0.0332Cf CD = 0.0354 +0.0332CE
Cruise Cp = ©-0286 + 0.0312C> Cp = ©.0206 +0.0312C7
Landing CD = 00,0784 + o.oasacf CD = 0.110 +0.0332C5
(L/D)
max
nitjia Class 1
Take—-off 10.9 : 14.6
Cruise 16.8 | 19.7
Landing 9. 81 8.28
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3.9 PRESENTATION OF THE 100 PASSENGER TWIN FUSELAGE NFIGURATI

Figure 3.5.1 contains the Class I 3-view from the 100 passenger
twin body commuter. Table 3.5.1 contains the geometry of the
configuration.

3.9.1 Initial Sizing of the 100 Passenper Twin Body

The 100 passenger twin body design is based on joining two
optimally designed 50 passenger configurations, in hopes that:

1) high commonality in design and production between the S50 and
100 passenger configurations can be achieved,

2) the weight can be reduced from a conventional passenger
configuration,

3) an innovative, futuristic design for the next century can be
obtained.

The mission specifications and profile are provided in Table
3.5.2. The initial weight and performance sizing is based on the SO
passenger design and is listed in Table 3.5. 3.

3. 2 Fusela ) ockpit La

The 100 passenger twin fuselage design has the same cockpit and
fuselage cross section as the rest of the commuter family with one
exception: the right—-hand side fuselage cockpit will be stripped of
equipment and used as additional seating or for observation. The
cockpit design and fuselage cross section are contained in Appendix
A. The lengths of the fuselage and cabin are given in Table 3.5.1.
The design methodology followed the steps in References 2 and 3.

Fus n ockpi t

The commuter family will be powered by two advanced turboprop
engines. The 100 passenger twin body requires the use of the 13,500
shp turboprops. Appendix B contains the engine data used.

S:2: 4 Wing and Flap Design

Table 3.5.1 presents the geometry of the wing and flaps. The
wing planform and flaps are the same as that used on the SO passenger
airplane. A center wing jJoining the two fuselages and connected to
the outboard wings was added. The center wing had the following
characteristics: '

Area, S = 400 ft=

Thickness Ratio, t/e = 0,13

Dihedral Angle and incidence angle, = i = 0 deg

The flaps were sized to a CL -'3.0. This required
max,

70
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Table 3.5.2 Mission Specification for the Twin Bod
00 gsenger Advenced Tec =) mmute rplane

PAYLOAD:

CREW:

RANGE:

ALTITUDE:

CRUISE SPEED

CLIMB:

TAKE-OFF AND

- LANDING:

POWERPLANTS:
PRESSURIZATI

CERTIFICATIO
BASE:

100 passengers at 175 lbs each with 30 lbs of
baggage per passenger, carry-on luggage
capability is required

2 pilots and 2 flight attendants at 175 l1lbs each
wvith 30 lbs of baggage esch

1500 nm with max payload with 25% fuel reserves
30,000 £t at the design range
: MACH = ,70

climb rate of 3000 fpm

3500 ft balsnced field length

advanced turboprops

MISSION PROFILE:

TAK|
]
1

ENGINE START -uP

ON: S000 £t cabin at 30000 ft
N

FAR 25

S
o
CRUISE 1
YiCuimg b DESCENT
3 .
—" o

TAKE -OF F

LANDING, TAXY
ANd SHUTHOWN

/3



Table 3.5.3 Initial Sizing Parameters for the
Twin Body 100 Passenger Commuter

Weights: Take—off Weight “TD = 80,716 lbs
Operating Weight Empty “OE = 46,338 lbs
Payload Weight “PL = 20,500 1lbs
Crew uc?ght “CREN = 615 1bs
Mission Fuel Weight “F = 13,878 1lbs
Wing Area s = 923 ft° Wee = . 82%
Aspect Ratio A = 15,0

Take-off Power

Prg ™ 22,000 shp

Required Lift Coefficients:

Clean CL = 1.5
max

Take-off CL = 2.0
maxTO

Landing CL = 3.0
maxL

Take—off Weipght Sonsitivitios’:

éNTo /

a“TD /

éUTO /

a”TD /

*.ssumod to

écp = 39,784 1b/1lb/hp/hr
éﬂp = ~18,722 lbs
a(LL/D) = —=994.6 lbs

&R - = 18.1 lbs :

be the same as the 50 passenger commuter
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the use of Fowler flaps on the 50 passenger airplane., The center
wing section has been designed to include full span flaps if needed.

Section 2.4.4 gives the details on the 50 passenper wing
planform and flap design used for this configuration.

2:5.5 Design of the Empennage

Table 3.5.1 lists the empennage geometry for the 100 passenger
twin body. Initially, the areas obtained by the V-bar method for the
SO passenger design (see Section 2.4.5) were doubled:

5, = 260 ft°

SH = 260 fta
However, the empennage was redesigned from stability and control
considerations of both the 100 passenger twin body and 350 passenger
designs in Sections 2.4.9 and 3.5.9.

3. 5.6 Control Surface Sizing

3. 5. i1 Lateral-Directiona n

Table 3.5.1 presents the aileron geometry used. It is the same
as designed for the SO passenger design. Spoilers may be required in
order to produce the extra roll-control required for a twin-fuselage
design.

. 6. ongi in "y

The elevators are the same as those for the 50 passenger design;
the gpeometry is summarized in Table 3.5.1.

3.5, 7 Landin ear %£ign

From Chapter 9, Reference 2, it was determined that a 30 X 9
inch tire could be used on every airplane of the commuter family. A
preliminary retraction scheme for the main gear is shown in Appendix
D. The gear placement is the same as that for the 50 passenger
airplane. The wheelbase for the 100 passenger twin body has been
estimated to be 50 ft. From Airport Engineering by Ashford and
Wright, the following conclusions are made:
1) This design can operate out of any airline airport.
2) This design will not be able to operate out of general
aviation airports. General and basic transport general
aviation airports have taxiway widths between 40 - 60 feet.
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A preliminary weight and balance of the 100 passenger twin body
was determined by using methods in Reference 2, Chapter 10.
Component weights and center of gravity locations are contained in
Table 3.5.4. A peneral arrangement drawing is provided by Figure
2.4.2. The weight-center of gravity excursion diagram is contained
in Figure 3.5.3. The 100 passenger twin body has a 22 inch excursion

range which corresponds to 0.22 E“.
9 _St ili n ntr an

AR Class [ stability and control analysis was performed using
methods of Reference 2, Chapter 11. Table 3.5.5 lists all the
geometric quantities and stability derivatives necessary to size the
empenrnage from stability and control considerations. Appendix N
(pages 8-22) provides the detailed calculations,

«+ 9, ngit i v i

From methods in Chapter 11 of Reference 2, the horizontal tail
was resized to best mateh that of the SO passenger design while still
maintaining an inherently stable static margin. Figure N.2 in
Appendix N presents the longitudinal x—-plot for the airplane. Since

only 102 fta of horizontal tail area was required by the 50 passenger
design, a horizontal boom has been proposed to connect the horizontal
tail planforms (see Figure 3.5.1). This provides a horizontal tail

area of 303 fta and allows the design of an inherently stable static
margin of 7.5 percent.

ral-Dir

From methods in Chapter 11 of Reference 2, the vertical tail
area required to hold engine—out flight was not critical. Figure
3.5.5 provides the directional x=-plot. The 100 passenger twin body

only requires 230 fta of vertical tail areaj; however, the 50

passenger design required 170 fta due to engine-out requirements.

The 100 passernper twin body will use two 140 fta vertical tails.
From this the following results:

s, = 280 ft2

Vv
C_ = 0.098 rad !
"
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Jable 3.5.4 Twin Bod 00 Pa
Weight and Qalangg Calculation
No. Component Weight Xi
lbs in
i. Fuselage 10704 578
2. Wing 7597 6e7e
3. Empennage 2438 1204
4. Engine 8470 870
Sa. Nose Gear 746 220
Sb. Main Gear 2994 720
6. Fixed Eqpt. 12354 578
Empty Weight “E = 435303
7. Trapped Fuel 420 7495
and 0il
8. Crew 615 200
Operating Weight Empty: NOE = 46338
9. Fuel 13878 672
”os + HF = 60216
10. Passengers 20500 630
Take-off Weight “TD = 80716
uTO - NF = 66838

anger

mmuter a

in
148
127
340
ea2
74

64
148

X = 686
Zz = 161
°9u¢

178

120

X = £80
cguo.

Zc = 160
nUoo

127

X = 678
Suoce+Wr

148

xc = 666
guto

z_ = 151
Suto

X = 665
Quto-wr
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Table 3.5.5 Stability and Control Results
for the Twin Body 100 Passenger Commuter

S = 923 fta

c = 8,33 ft LE Ew = F.S. 622

b= 118 ft

S = 354 £t

H
s, = 280 2

ax - -0.390-
CCB

ac

= =0.140
WB

ac

= 0,622 F.S. 684 .
A

= 6.50 X.C = 1,71

c - S5.20 rad” !

1 1

c = 3,69 rad c = 4,13 rad

c = 2,14 rad-l

c = 0.098 rad !

de/da = 0,344
X = 0. 3580 F.S8. 680

X = 41.3 ft

#Al]l results calculated from References S and 6.

80




o) s« I Drag P »

From methods in Reference 2, Chapter 12, component wetted areas
were calculated and listed in Table 3.5.6. The calculations for the
wetted areas are given in Appendix N, Section N.8. From the total
airplane wetted area and assuming a skin friction coefficient of
Ce = 0. 00285, CD = 00,0184 was determined. Table 3.5.7 contains

-)
take-off, cruise, and landing drag polars which result. Changes to
CD for take—off and landing drag polars are given Appendix N,
o
Section N. 8.

Assuming C = 0,3, (L/D) = 14,4, This decrease in (L/D)

L CR CR

CR

from that of the 50 passenger design was anticipated due to the large
increase in wetted area in key places: fuselagpe, engine pylons, and
center wing surfaces. However, if 10 percent laminar flow is assumed

as in the 50 passenger design, (L/D)CR = 15,8, This corresponds to

the design goal of (L/D)CR = 16, Detailed cilculations are provided

in Appendix N (pages 23-27).

ORIGINAL PAGE 18
OE POOR QUALITY
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Jable 3.5.6 Wetted Area Preakdown

Component Wetted Area
Wing 1042
Horizontal Tail 6235
Vertical Tail S67
Fuselage : 4270
Engine Nacelles 393
Pylons 315

e
Total = 7212 f¢
f= 17.0

c = 0.0184

D
o

Jable 3.5.7 Twin Body Drag Polars

Flight Condition Class I Drag Polar

Take-of f e, = 0.0334 + o.oasscﬁ
C. = 0.0186 + 0.0250C2

D L

Landing CD = 0.1084 + 0.0éBSCi

(/D)
m
16.8
23.2

9. 32
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3.6 PRELIMINARY DESIGN OF THE 75 PASSENGER BASEL INE
CONFIGURATION

The purpose of this chapter is to present the
preliminary design of the 75 passenger regional transport.
Figure 3.6.1 shows the Class I three-view of the NASA-100.
Table 3.6.1 presents the geometric parameters for the NASA-
100.

«+6,1 INITIAL WEIGHT AND PERFORMAN NG FOR T 7
PASSENGER BASEL INE CONFIGURATION
6. 1.1 NITIAL W HT N

Initial weight sizing was conducted using a method in
Reference 1. The following assumptions were made for the
airplane:

1) (/D) = 16
ocr

2) cp = 0.4 lbs/hp/hr

The above assumptions and the mission specifications, given
in Table 3.6.2, yielded the airplane weights and
sensitivities in Table 3.6.3. Appendix K, section K.2,
contains output from XEWTOG, a computerized weight sizing
method developed at the University of Kansas.

2 6.1, NITIAL PERFORMAN N

XPRFRM, a computer program developed at the University
of Kansas, was used to determine the required take—off
power, pTO’ and wing area, S, that meet the performance

criteria given in Table 3.6.2. XPRFRM follows the method
of Reference 1. Maximum lift coefficients and wing aspect
ratio are also determined. Figure 2.6.2 shows the required
power loading, wing loading combinations that satisfy the
performance criteria. From Figure 3.6.2, it is determined
that cruise speed and landing field length requirements are
eritical for this airplane. The results of the performance
sizing effort are listed in Table 3.6.2. Appendix K,
section K.3, details the computer output of XPRFRM.

F 2] AN PIT YOUT

The fuselage and cockpit layouts were determined using

the methods of Chapter 4 in Ref. 2 and Chapter 2 in Ref. 3.

The 75 passenger transport has the same flight deck
layout and fuselage cross—-section as the rest of the

OFAEOOR.QUﬁiETY

a3
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TABLE 3.6.1--TABLE OF GEOMETRY FOR THE 75 PASSENGER

COMMUTER.

Area, S (fta)

Span, b (ft)

MBC, c (ft)
MGC LE: F.S.

Aspect ratio, A
Sweep angle,
Taper ratio,
Thickness ratio, t/c

(deg)

Airfoil
PDihedral, (deg)
Incidence, i (deg)

Spoiler:
Chord ratio
Span location

Flaps:
Chord ratio:
Span ratios:

Length, 1 (ft)
Maximum width, (ft)
Maximum heighth, (ft)

Wing

1178
119

10.5

i2

13 (e/4)
o.‘
0.13

NLF
7
o

0.14
0. 43/0.70

0.25
0.07/1.00

Fuselage

108
8.05
14.0

ORIGINAL PAGE g
OE POOR QUALITY

Horizontal
Tail

134
26. 7

S. 4

S.3
e2 (c/4)
0. 35
0.13

NLF
(o]
Variable

Elevator:
0.39/70. 458

Cabin_Interior

67.5
7.60
6. 30

Vertical
_Tail

363
2.5

16. 4

1.4
42 (c/4)
0.6
0.13

NLF

90
o

Rudder:
0. 35

Qverall

121
119
36.9
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TABLE 3.6.2--MISS10N SPECIFICATION FOR A 75 PASSENGER
ADVANCED TECHNOLOGY COMMUTER AIRPLANE

PAYLOAD: 75 passengers at 175 lbs each with 30 1lbs
of baggage .per passenger, carry-on luggage
capability 18 reguired

CREW: 2 pilots and 2 fligpht attendants at 175
lbs each with 30 1bs of baggage each

RANGE : 1500 nm with max payload with 25x fuel
reserves

ALTITUDE:: 30,000 ft at the design range

CRUISE SPEED: MACH = .70

CLIMB: climb rate of 3000 fpm

TAKE~-OFF AND

LANDING: 3500 ft balanced field length

POWERPLANTS : advanced turboprops

PRESSURIZATION: S000 ft cabin at 30,000 ft

CERTIFICATION
BARSE: FAR 25

MISSION PROFILE:

S .
! CRUISE
¥y lewme ' L DESCENT
TAKI
T 3 -
4 TAKE -OF F ¢ ¢

L&mec‘, TAX
ANBD SHUT kbW A

&6




JABLE 3.6.3-—INITIAL SIZING PARAMETERS FOR THE 75
PASSENGER COMMUTER.

Weights: Take—-off weight - 70 - 82, 491 lbs.
Empty weight - E ” 48,175 lbs.
= 15,375 lbs.
= 17,898 lbs.

CREW = 820 1lbs.

£ £

Payload weight -
Mission fuel weight -

E £ £

Crew weight -~

Wing area: S = 1178 fte.

Wing Aspect ratio: A = 12,

Take—off power: pTD = 19,640 lbs.

Required lift coefficients: Clean, CL = 1,40,
: max

Take—-off, CL = 1,80.
max

Landing, C = 3.00.

L.‘X

Take—off weight sensitivities:

SFC - GUTOI écp = 143,189 1b/1lb/1b/hr

Propeller efficiency~ auTD/ a“p = -§7,383 lbs

Lift—-to—drag ratio -~ auTD/ 8(lL/D) = -3,579 lbs

Range -~ auTO/ aR = 328.2 1b/vm
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commuter family. Rppendix A contains the fuselage cross-
section and cockpit layout design. Table 3.6.1 gives the
main dimensions of the fuselage.

3.6.3 ENGINE SELECTION

The engines were selected using the methods of Chapter
S in Ref. 2. Two advanced turbo-props were choser at a
power rating of 13,500 shp per engine. The engine data is
given in Rppendix B.

S3:6.4 WING AND FLAP DESIGN

Table 3.6.1 presents the peometry of the wing and
flaps. Parameters such as leading edpe sweep and wing
thickness were decided by the selection of an NLF airfoil.
ARppendix C contains the airfoil ‘cross section and airfoil
parameters. Wing parameters were selected using the method
of Chapter 6 in Ref. 2.

The flaps were sized to a CL = 3,0. This required
max,
the use of Fowler flaps. The sizing methods used are

contained in Chapter 7 of Ref. 2. The design calculations
are in Appendix K, section K. 4.

2: 6. N _OF TH MPENN

Table 3.6.1 shows the empennage for the 75 passenger
airplane. Initially, the V-bar method in chapter 8 of Ref.
2 was used to size the empennage. The design calculations
are in Appendix K, section K.S5. The initial tail areas
that resulted are listed below:

s, = 242 fi°

s, = 363 PR

After the stability and control calculations of
Section 3.6.9 were completed, the empennage was
resized. These considerations are discussed in section
3' 6. 9.

NTR RE
+ 6. ATERAL, - RECTIONA NTR
Since full span flaps were required for landing,
spoilers were used in place of ailerons. The spoiler

geometry is contained in Table 3.6.1. This geometry was
determined from Chapter 8 of Ref. 2.

89



The rudder was also sized with the method of Chapter 8
in Ref. 2. The rudder geometry is given in Table 3.6.1.

2.6.6.2 LONGITUDINAL CONTROLS

The elevators were sized using the methods  in Chapter
8 of Ref. 2. Geometric parameters for the elevators are
presented in Table 3.6.1.

« 6.7 ANDING GEAR N

From Chapter 9 of Ref. 2, it was determined that a 30"
X 9" tire could be utilized for the nose and main landing
gear on every airplane of the commuter family. A
preliminary retraction scheme for the main gear is shown in
Appendix D. The gear placement was dictated by weight and
balance calculations shown in section 3.6.8.

Both the longitudinal and the lateral tip-over
criterion were satisfied. Appendix K, section K.6,
contains the lateral tip—over calculations.

3.6.8 CLASS I WEIGHT AND BALANCE CALCULATIONS

The weight and balance for the NARSA-100 was done after
calculating the Class I component weights for the airplane.
The component weights were calculated using average weight.
fractions for the commuter category of airplanes. ARAppendix
F contains the Class I weight fractions for the commuter
family. The preliminary weight and balance was then
determined using the methods of Chapter 10 in Ref. 2.

The weight breakdown and the center of gravity
locations are presented in Table 3.6.4. The center of
gravity travel was contained to a range of 30 inches. This

travel is 0.21 ¢ . Figure 3.6.4 diagrams the center of

gravity excursion for the 75 passenger airplane. Fig.
3.6.4 locates the component cg's on the airplane three-
view.

N JTAB TY BN NTR R

Chapter 11 of Ref. 2 outlines the methods used in the
preliminary stability and control calculations. Ref. 5 and
Ref. 6 were used as supplements for these calculations.
Table 3.6.5 contains peometric quantities and stability
derivatives necessary to size the empennage for inherent
stability. Design calculations are located in Appendix K,
section K.7,

+6.9. ONGITUDINAL STABILITY

From methods in Chapter 11 of Ref. 2, the horizontal tail
was resized to incorporate a desired static margin of 5%,

URIGINAL PAGE I
OF POOR QUALITY,
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JABLE 3.6.4--CLASS 1 WEIGHT AND BALANCE CALCULATION

FOR _THE 75 PASSENGER COMMUTER.

No. Type of Component W, x. W.x. z, W.z.
1 1 1 1 b § 1 1
lbs in inlbs in inlbs
1. Fuselage 10,311 6.2 6.372x10% 1.25 1.114x10*
2. Wing 9,404 8.7 8.182x10% 1.06 0.858x10*
3. Empennage 2,392 13.8 3.300x10% 3.77 o0.883x10%*
4. Engine 10,288 13.6 1.399x10° 2.17 2.233x10”
S. Landing pear
4. Nose gear 709 2.5 0.172x10‘ 0. 58 0.031x104
b. Main gear 2,837 8.8 2.497x10* o0.58 0.165x10%
6. Fixed eqpt. 12,044 4.9 5.883x10% 1.25 1.S0Sx10*
Empty weight: NE = 47,986 lbs “cg“c = 846 in
zcg“. = 136 in
7. Trapped fuel and o0il 411 10.6 4.377)(103 1. 49 0.613x103
8. Crew 820 2.5 1.976x10° 1.26 O.513x10°
Operating empty weight: “OE = 49,218 lbs. xch = 838 in
2 = 136 in
cgWoe
S. Fuel 17,898 8.6 1.546x10° 1.04 1.861x10%
10. Passengers 15,375 7.5 1.159x10° 1.25 1.922x10%
Take—~off weight: uTO = 82,491 lbs. “cpﬂto = 818 in
zcg“to = 127 in
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JABLE 3.6.5--STABILITY AND CONTROL RESULTS FOR THE 7S5
PASSENGER COMMUTER.

S = 1178 £t5; € = 10.5 ft ; b = 119 ft.

a x - .
x.ca = 0.13

x = 0.12

c - 3.51 rad !

c = 1.43 rad !}

C, = 0.0573 rad -1

8
at/da = 0. 185

x = 0,29
cnaft

Xy = 36.7 ft.




Appendix K, Figure K.2 presents the longitudinal x-plot for
the 75 passenger airplane. From this plot, it is seen that

a tail area of 134 fta is required.

2.6.9.2 LATERAL - DIRECTIONAL STABILITY

From the method of Chapter 11 in Ref. 2, the vertical
tail area required to hold engine-out flight was found to
be critical. The engines were set at a five degree cant to
lessen the thrust moment arm about the cg. The directional
x-plot is given in Appendix K, Figure K.3. From this plot,

it can be seen that a vertical tail area of 363 fta yields

e C_ = 0.0010 deg .

.

3.6.10 CLASS 1 DRAG POLARS

The Class I drag polars were calculated from the
procedure of Chapter 12 in Ref. 2. The wetted areas of the
airplane components were calculated as presented in Table
3.6.6 and Appendix K, section K.8. From the total airplane
wetted area and assuming a skin friction coefficient of
0. 0025, CD for the airplane was calculated.

o .

Table 3.6.7 contains the take-off, cruise, and landing
drag polars computed during the initial performance sizing.
These drag polars are compared to the drag polars computed
from wetted area considerations. These Class I drag polars
more accurately represent the airplane. Changes to CD for

)
take-off and landing conditions are given in Appendix K,

section K.8.

The clean zero-l1ift drag coefficient at low speed was
determined as:

CD = 0.0124

The drapg polars for take—-off, landing, and cruise were then
calculated as shown in Appendix K.

Assuming a CL = 0.3, the finhl drag polars yield:
cr

(L/D)cr = 12. 4

During initial take-off weight sizing, (L/D)cr was
assumed to be 16.

CRiGINAL PAGE IS
CE FOOR QUALITY,




T8 3.6.6——WETTED AREA BREAKDOWN.

L

(L/D)cruiso at CL =0.3 12. 4

Component Sugt (fta)
1. Wing a212
2. Horizontal tail 277
3. Vertical tail . 750
4, Fuselape 2463
S. Engines 1248
6. Engine pylons 25
Total - 597;-
ey .
From Figure 3.2.1 of Reference 1, assuming a c_, = .0025:
f = 14.6 fta
CD° = f/SREF = 14.6/1178 = 0.0124
IA 7==DRAG. ar MPAR .
Priliminary Results Drag Polar (L/D)max
1. Clean 0.0208 + 0.0312C, %  19.6
2. Take-off, gear down 0.0358 + 0.0332(:La 14,5
3. Landing, gear down 0;6958 + 0.0332CLa 8.9
‘L/D)cruiso at CL = 0.3 " 127
Class I Results
1. Clean 0.0214 + 0.0312€ %  19.4
2. Take-off, gear down 0.0474 + 0.0332C >  12.6
3. Landing, gear down  O.1074 + 0.0332C, & 8.4




The sensitivities to take-~off weight given in Table
3.6.3 show that:

éNTD/é(L/D) - -3,579 lbs

For the baseline configuration, this translates into:

(L/D) = 12.4 - 16 = - 3.6
er

uTO = A(L/D)cr éUTD/é(L/D) = 12,884 lbs.

Since the take-off weight is 82,491 1lbs, the decrease in
lift-to~drag ratio causes a 16% increase in take-off
weight. According to Ref. 2, this percentape change in
take-off weight indicates that the airplane needs to be
resized with the initial weight sizing methods of Ref. 1.
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3.7 PRELIMINARY DESIGN OF THE 100 PASSENGER BASEL INE
CONFIGURAT ION

The purpose of this chapter is to present the
preliminary design of the NARSA-100 regional transport.
Figure 3.7.1 shows the Class I three-view of the NARSA-100.
Table 3.7.1 presents the geometric parameters for the NASA-
100. '

3.7.1 INITIAL WEIGHT AND PERFORMANCE SIZING FOR THE 100
PASSENGER BASEL INE CONFIGURATION

e 7. 1.1 INITIAL WEIGHT N

Initial weight sizing was conducted using a method in
Reference 1. The following assumptions were made for the
airplane:

1) (L/D) = 16
cr
2) cp = 0.4 lbs/hp/hr

The above assumptions and the mission specifications, given
in Table 3.7.2, yielded the airplane weights and
gsensitivities in Table 3.7.3. Appendix L, section L.2,
containg output from XEWTOG, a computerized weight sizing
method developed at the University of Kansas.

S:7.1.2 INITIAL PERFORMANGCE SI1ZING

XPRFRM, a computer program developed at the University
of Kansas, was used to determine the required take—-off
power, pTD’ and wing area, S, that meet the performance

criteria given in Table 3.7.2. XPRFRM follows the method
of Reference 1. Maximum lift coefficients and wing aspect
ratio are also determined, Figure 3.7.2 shows the required
power loading, wing loading combinations that satisfy the
performance criteria. From Figure 3.7.2, it is determined
that cruise speed and landing field length requirements are
critical for this airplane. The results of the performance
sizing effort are listed in Table 3.7.2. ARppendix L,
section L.3, details the computer ocutput of XPRFRM.

.

7 F A anN I LA

The fuselape and cockpit layouts were determined using
the methods of Chapter 4 in Ref. 2 and Chapter 2 in Ref. 3.

‘ The 100 passenger transport has the same flight deck
layout and fuselage cross—section as the rest of the



TABLE 3.7.1--TABLE OF GEOMETRY FOR THE 100 PASSENGER

COMMUTER.

Area, S (fta)

Span, b (ft)

MGC, c© (ft)
MGC LE: F.S.

Aspect ratio, A
Sweep angle, (deq)
Taper ratio,
Thickness ratio, t/c

Airfoil
Dihedral, (deg)
Incidence, i (deg)

Spoiler:
Chord ratio
Span location
Hinge line
Rileron:
Chord ratio:
 Span ratio:
Flaps:
Chord ratio:
Span ratio:

Length, 1 (ft)
Maximum width, (ft)

Maximum heighth, (ft)

Wing

1604
139

11.6
925

12

1S (e
0.4
0.13

NLF
7
o

0.23
0. 4/0.6
0. 70e

0. 30
0.76/1.00

0. 30
0.06/70. 76

Euselage

126
8. 05
8. 05

Horizontal Vertical
Tail Tail
155 300
28.7 20.6
8. 4 15.0
1675 1830
5.3 1.‘
22 (c/4) 42 (c/4)
0.35 0.6
0.13 0.13
NLF NLF
(o] 90
Variable (o]
Elevator: Rudder:
0. 36 0. 34
Qverall
137.5
139
35. 4
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JABLE _3.7.2=--MISSION SPECIFICATION FOR A 100 PASSENGER
ADVANCED TECHNOLOGY COMMUTER AIRPLANE

PAYLOAD: 100 passengers at 175 lbs each with 30 lbs
of bagpage per passenper, carry-on luggage
capability is required

CREW: 2 pilots and 2 flight attendants at 175
lbs each with 30 lbs of bagpage each

RANGE 1500 rvm with max payload with 25% fuel
reserves

ALTITUDE: 30,000 ft at the design range

CRUISE SPEED: MACH = ,70

CLIMB: climb rate of 3000 fpm

TAKE~OFF AND

LANDING: 3500 ft balanced field length

POWERPLANTS: advanced turboprops

PRESSURIZATION: S000 ft cabin at 30,000 ft

CERTIFICATION
BASE: FAR 25

MISSION PROFILE:

1 CRUISE
4| cume L DESCENT
TAKI
|\ 2 2 -
4 TAKE -OF F o——s

LANDING, TAK:

ENGINE START -up
AN SHUT B oW

o/
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TABLE 3.7.3-—=INITIAL SIZING PARAMETERS FOR THE 100

PASSENGER COMMUTER.

Weights: Take—off weight -
Operating weight empty -
Empty weipght -
Payload weight -
Mission fuel weight -
Crew weight -

2

Wing area: S = 1604 Tt .

Wing Aspect ratio: A = 12,

Take—off power: PT = 26,750 lbs.

a

Required lift coefficients:

Take-off, C

Landing,
Take-off weight sensitivities:
Payload weight - auTD/ aW
Empty weight - auTD/ akW
SFC - auTo/ Acp
Propciler efficiency~ auTo
Lift-to—drag ratio - AHTD
Range - a“TO

Clean,

= 67,422
= 66,041
20, 500
= 24,366
= 820

OWE

£ £ £ £ £
|

CREW

= 1,32.
max

LMX

c = 3.00.

L..)(

= 5.9

= 1.6

on, = -95, 369 lbs

/ R = 54,0 1b/vwm

= 112,288 lbs.

lbs.
lbs.
lbs.
ibs.
lbs.

= 1,80.

= 202,659 1b/1lb/1b/hr

/ 3(L/D) = ~5,067 lbs
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commuter family. Appendix A contains the fuselage cross-
section and cockpit layout design. Table 3.7.1 gives the
main dimensions of the fuselage.

3.7.3 ENGINE SELECTION

The engines were selected using the methods of Chapter
S in Ref. 2. Two advanced turbo-props were chosen at a
power rating of 13,500 shp per engine. The required total
shaft horsepower was 26,740 hp. The engine data is given
in Appendix B.

S: 7.4 WING AND FLAP DESIGN

Table 3.7.31 presents the geometry of the wing and
flaps. Parameters such as leading edge sweep and wing
thickness were decided by the selection of an NLF airfoil.
Appendix C contains the airfoil cross section and airfoil
parameters. Wing parameters were selected using the method
of Chapter 6 in Ref. 2.

The flaps were sized to a CL = 3,0, This required
max,
the use of Fowler flaps. The sizing methods used are

contained in Chapter 7 of Ref. 2. The design calculations
are in Appendix L, section L. 4.

3.7.5 DESIGN OF THE EMPENNAGE

Table 3.7.1 shows the empermage for the 100 passenper
airplane. Initially, the V—=bar method in chapter 8 of Ref.
2 was used to size the empennage. The design calculations
are in Appendix L, section L.S5S. The initial tail areas
that resulted are listed below:

S, = 347 re

SV = 378 fte

After the stability and control calculations of
Section 3.7.9 were completed, the empernnage was resized to:

5, = 155 re2

s, = 303 g2

These considerations are discussed in section 3.7.9.
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3:.7.6 ONTROL SURFACE SIZIN

3.7.6.1 LATERAL ~ DIRECTIONAL CONTROLS

Both ailerons and spoilers were used on the 100
passenger regional transport. The geometry of both is
contained in Table 3.7.1. This geometry was determined
from Chapter 8 of Ref. 2.

The rudder was also sized with the method of Chapter 8
in Ref. 2. The rudder geometry is given in Table 3.7.1.

2. 7. NG I TUDINA NTR

The elevators for the NARSA-100 were sized according to
the procedure in Chapter 8 of Ref. 2. Geometric parameters
for the elevators are presented in Table 3.7.1.

3.7.7 ANDING GEAR DESIGN

From Chapter 9 of Ref. 2, it was determined that a 30"
x 9" tire could be utilized for the nose and main landing
gear on every airplane of the commuter family. A
preliminary retraction scheme for the main gear is shown in
Appendix D. The gear placement was dictated by weight and
balance calculations shown in section 3.7.8.

Both the longitudinal and the lateral tip-over
criterion were satisfied. Appendix L, section L.6&,
contains the lateral tip—over calculations.

7.8 AS W T _AND BALAN A AT

The weight and balance for the NASA-100 was done after
calculating the Class I component weiphts for the airplane.
The component weipghts were calculated using average weight
fractions for the commuter category of airplanes. Appendix
F contains the Class I weipht fractions for the commuter
family. The preliminary weight and balance was then
determined using the methods of Chapter 10 in Ref. 2.

The weight breakdown and the center of gravity
locations are presented in Table 3.7.4. The center of
gravity travel was contained to a range of 36 inches. This
travel is approximately 2% of the overall length, or

0.26 ;“. Figure 3.7.4 diagrams the various center of

gravity locations at different airplane weights. Fig.
3.7.4 locates the component cg's on the NASA-100 three-

view. ORIGINAL PAGE IS
7. TABILITY AND CONTROL RESULT ' OE POOR QUALITY

Chapter 11 of Ref. 2 outlines the methods used in the
preliminary stability and control calculations. Ref. S5 and
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TABLE 3.7.4——CLASS I WEIGHT AND BALANCE CALCULATION

FOR_THE 100 PASSENGER COMMUTER.

No. Type of Component W, X. W.x, z. W.2.
i i ivi i i%i
lbs in inlbs in inlbs
i. Fuselage 14,260 829 1.182x107 230 3.280)(106
2. Wing 13,043 985S 1.285x107 212 2.765x106
3. Empennage 3,256 1640 0.534x107 488 1.589)(106
4. Engine 14,260 1230.1.754x107 305 4.349)«106
S. Landing gear
a. Nose gear 966 246 o.oan1o7 130 0.126x106
b. Main pear 3,862 1005 O0.388x10° 130 0.S502x10°
6. Fixed eqpt. 16, 394 829 1.359x107 230 3.771x106
Empty weight: “E = §6,042 lbs xcg“o = 988 in
2 = 248 in
cgWe
7. Trapped fuel and o0il S61 1175 s.ssax1os 230 1.290x105
8. Crew 820 340 a.7eex105 230 I.BBSxIOS
Operating empty weipht: “DE = 67,422 lbs. xcguoc = 982 in
zcgUo. = 248 in
9. Fuel 24, 366 97S 2.376x107 208 s.osex105
10. Passengers 20,500 855 1.753x10’ 230 4.715x10°
Take-off weight: NTO = 112,288 1bs. “cguto = 957 in
zcgwto = 236 in
= 952 in. = 980 in.

xcg (Woe + Pass) xcg (Woe + Fuel)

107



ORIGIN 1] PAGE 1§
OF PCGj QUALITY

[ Sadvl by

s pmalay

— Ppptep g uiy v -
e e R R R T R S R S i St

LTI — TTEITH
.._....._....-.........._.._.._.j__ = Sty =iz
LTI gy s S R T ey baibakayd S
- ST In ST =X fr ol ia o] TSITIIRTL
o & - & o —. c— -
- o et ”
d . R setms phraanyded ey B2 T T gesaded] SJeiioi
: — -
* P ol
T
A
-1.
=
o T

-e

=L l-r-ak e | _EISURE 3.7,.4 CENTER OF

onecx SRAVITY EXCURSION DIAGRAM

UNIVERSITY OF KANSAS "8




Ref. 6 were used as supplements for these
calculations. Table 3.7.5 contains geometric quantities and
stability derivatives necessary to size the empennage for
inherent stability. Design calculations are located in
Appendix L, section L.7.

3:7.9.1 LONGITUDINAL STABILITY

From methods in Chapter 11 of Ref. 2, the horizontal tail
was resized to intorporate a desired static margin of 5%,
Appendix L, Figure L.2 presents the longitudinal x-plot for
the 100 passenger airplane. From this plot, it is seen

that a tail area of 155 fta is required.
: 7.9, ATERAL - RECTJIONA TAB TY

From the method of Chapter 11 in Ref. 2, the vertical
tail area required to hold engine~out flight was found to
be critical. The engines were set at a five degree cant to
lessen the thrust moment arm about the cg. The directional
x-plot is given in Appendix L, Figure L.3. From this plot,

the Ch at the required vertical tail area of 303 fta wWas

8
determined.

2:7. 10 CLASS 1 DRAG POLARS

The Class 1 drag polars were calculated from the
procedure of Chapter 12 in Ref. 2. The wetted areas of the
airplane components were calculated as presented in Table
3.7.6 and Appendix L, section L.8. From the total airplane
wetted area and assuming a skin friction coefficient of
0. 0025, C for the airplane was calculated.

D
)

Table 3.7.7 contains the take-off, cruise, and landing
drag polars computed during the initial performance sizing.
These drag polars are compared to the drag polars computed
from wetted area considerations. These Class I drag polars
more accurately represent the airplane. Changes to CD for

°
take~-off and landing conditions are given in Appendix L,
section L.8.

The clean zero-lift drag coefficient at low speed was
determined as:

C. = 0.0115
DO

The drag polars for take—-off, landing, and cruise were then
calculated as shown in Appendix L.
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TABLE 3.7.5-—-STABILITY AND CONTROL RESULTS FOR THE 100
PASSENGER COMMUTER.

S = 1604 fto; © = 11.6 ft ; b = 139 ft.

a o = = 0,10
B

= 0.15
WB

x|

ac

= O. 506 Fo s. H 998
= 5,60
c = 4.72 rad

C, = 3.67 rad !

c - 1.66 rad !

c = 0.0655 vad 1

de/da = 0,162

xc = 0,454 F.S85. 31 988
gaft

X, = 857.9 ft.

v
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Assuming a CL = 0.3, the final drag polars yield:
or

(/D) = 20. 4
cr

During initial take-off weipht sizing, (L/D)cr was
assumed to be 16.

The sensitivities to take—off weipht given in Table
3.7.3 show that:s

éUT /78(L/D) = -5,067 lbs

(u)
For the baseline configuration, this translates into:

(L/D) = 20.4 -~ 16 = 4,4
cr

W = A(L/D) ol
ocr

TO /78(L/D) = - 22,295 lbs.

TO

Since the take—off weight is 112,288 lbs, the increase

in lift~to-drag ratio causes a 20%X decrease in take-off
weight. According to Ref. 2, this percentage chanpe in
take-off weight indicates that the airplane needs to be

resized with the initial weight sizing methods of Ref. 1.

ORIGINAL PAGE IS
OF POOR QUALITY
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JABLE 3.7.6~--WETTED AREA BREAKDOWN.

1.

2.

3.

4.

Component

Wing

Horizontal taif

Vertical tail

Fuselage

Engines

Engine pylons

Total

(r£2)

wet

3058

320

626

2937

248

278

7467

JABLE 3.7.7--DRAG_POLAR COMPARISON.

C.= . 0025

f = 18.5 ft

Preliminary Results Drag Pol;r (L/D)m.x
1. Clean 0.0196 + 0.0312c ¥  20.2
2. Take-off, gear up 0.0346 + 0.0332CL8 14.7
3. Take~off, gear down 0. 0546 + O.O332C:La 11.7
4., Landing, gear up 0.0946 + O. ozsacl_a 8.9
S. Landing, gear down 0.1146 + 0.0332(:'_a 8.1
(L/D) puise at CL = 0.3 " 13.4

Class I Results

1. Clean ~0.0119 + 0.0312c 7  25.9
2. Take-off, gear up 0.0269 + 0.0332c ®  16.7
3. Take—-off, pear down 0. 0469 + 0.0332(:'_a 12.7
4. Landing, gear up 0. 0869 + O.O332CLa 9.3
S. Landing, gear down 0. 1069 «+ 0.0332CLa 8.4

(L/D)

cruise at C

L™ 0.3

= 20. 4
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S:7.11 CONCLUSIONS AND RECOMMENDATIONS

The following conclusions resulted from the preliminary
design work on the NASA-100:

i. W = 112,288 lbssy W

T0 = 56,042 lbsg W
lbs.

= 67,422

E oE

2. Powerplant: Two 13,500 1b turboprops, aft-mounted.

3. Commonality achieved:
a. fuselage cross—section.
b. cockpit layout.
c. landing pear.
d. natural laminar flow airfoils.

4. Achieved inherent lonjitudinal and directional
stability.

S. The take~off weight will decrease by 20% due to
high (L/D) characteristics, but it may increase
due to the structural weight of high aspect ratio
wings.

6. Wing-folding may need to be employed in order to
meet existing gate requirements. )

The following recommendations resulted from the preliminary
design work: '

1. The feasibility of folding the wings needs to be
analyzed.

2. The 100 passenger airplane will need to be
resized according to the methods of Ref. 1.

3. The feasibility of achieving a common wing torque
box needs further study, but will be difficult to
achieve.

4. This configuration should be replaced with the 100
passenger twin—body model. More commonality
appears possible with the twin-body configuration.
The twin—-body model also has the advantage of a
lighter take—off weight.

ORIGINAL PAGE IS
OE POOR QUALITY
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4.0 COMPARISON OF COMMUTER FAMILY TO EXISTIMG AIRPLANES

The purpose of this chapter is to compare data from the
commuter family with existing regional turbo—-propeller driven
airplanes. The larger members of the commuter family will be
compared with smaller jet transports. Take-off weights,
center of gravity excursion range, wetted areas, wing
loadings and cabin and baggage volumes of the airplanes will
be compared. These comparisons will attempt to prove the
validity of the class ]I designs.

4, 1 COMPARISON OF TAKE-OFF WEIGHTS

Figure 4.1 shows that the commuter family take-off
weights compared with existing airplanes. The commuter
family was sized assuming a 5% empty weight savings due to
the use of advanced structural materials. RAramid Aluminum
will be utilized to achieve this empty weight savings.
Appendix E contains data for this composite material.

4.2 CENTER OF GRAVITY EXCURSION

Table 4.1 contains the excursion range of the center of
gravity for the commuter family. These data are compared
with common excursion ranges for regional turbo-propeller and
Jet transport airplanes taken from Reference 2.

From Table 4.1 it can be sesen that all the class 1
designs have C.G. excursion ranges comparable with contempory
airplanes. The large range of C.G. travel for the twin-body
75 passenger airplane is due to commonality constraints with
the 36 passenger desipn.

) MPAR N_OF AIRPLANE W AREA

Wetted areas of the commuter family are compared to
regional turbo-propeller and jet transports wetted areas.
Figure 4.2a compares the wetted areas of the smaller
passenger capacity airplanes., Figure 4.2b compares the
larger capacity airplanes. It can be seen that these
airplanes compare favorably with existing regional turbo-
propeller and jet transport airplanes.

b, 4 MPAR N_OF RPL.AN N

Wing loadings of the commuter family are compared to
existing commuters and jJet transports. Table 4.2 lists wing
loadings of some existing airplanes. Table 4.3 lists wing
loadings for the commuter family. The comparison shows that
the commuter family wing loadings are higher than typical
commuters but less than jet transports.

ORIGINAL PAGE IS
OF POOR QUALJTY
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JABLE 4.1 CENTER OF GRAVITY EXCURSION RANGE COMPARISON

AIRPLANE MODEL RANGE OF C.G6. TRAVEL COMMON EXCURSION RANGES

25 passenger 21" . 28¢c 12"-20" .14 - .27 ¢
36 passenger 20" . 25¢ 12"-20" .14 - .27 ¢
SO passenger 15" .17¢ i2*=-2o" 14 - .27 ¢
75 passenger 21" .17¢c 26"-91* .12 - .32 ¢
100 passenger 30" .21¢c 26"-91" .12 - .32 ¢
75 twin-body 21 . 340 26"-91* .12 - .32 ¢
100 twin-body 16" . 16¢ 26%-91* .12 - .32 ¢

IAB 4, WING LOADINGS OF EXISTING AIRPLAN

Airplane (U/S{Igipsf
CASA C-212-200 38.1
Shorts 330 50.5
Beech 1900 . 50.3
Fokker F27-200 59.7
DHC-6-300 29.8
DHC=-7 66.5
DHC-8 Se. 1
EMB-120 S1.7
BARe 31 53.9
METRO II1l 46.9
Fokker F-28 85.9
BRe 146-200 107.6
JABLE 4.3 WING L.OADINGS FOR THE COMMUTER FAMILY

Airplane Model (N/S)TQ psf
25 Passenger ' S0

36 Passenger 70

50 Passenger 70

75 Passenger 70

100 Passenger ' 70

75 Twin—Body 84

100 Twin—-Body 87
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4.5 COMPARISON OF CABIN VOLUME WING EXISTING AIRPLANES

Passenger and baggage volume are compared with existing
airplanes in Table 4.4. Data for Table 4.4 is compiled from
Reference 8, Appendix B.

TABLE 4.4 COMPARISON OF CABIN AND BAGGAGE Vogumgg

Rirplane Type Number of Overhead.Baggage Overhead Volume
Passengers Volume (cuft) per Seat (cuft)

NASA

S0 S50 S6 1.1

36 36 41 1.1

25 25 29 1.2

British

Asrospace .

BAe Super 748 46 41 0. 85
BRe ATP 48 100 1.6

BARe 146-100 64 56 0. 68
de Havilland

DASH 7 S50 59 i.2

DASH 8 37 32 0. 86
Fokker

F=-27 - Se 40 0.77
SO S0 79 1.6

F-28 =% 107 1.6

Shorts

330 30 40 i.3

360 : 36 52 1.4

ATR Consortium

ATR 42~200 46 53 1.2

Embraer

EMB-120 30 32 1.1
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5.0 Commonality Analysis of the Commuter Family

Now that the Class I designs for the commuter family
have been presented, the extent of commonality that was
implemented needs to be discussed. Table 5.1 shows the
status of the commonality objectives listed in Chapter 2.

The twin—body concept is extremely conducive to
commonality implementation with the smaller commuters.
This allows for more commonality throughout the passenger
range.

The following items are common to all members of the
commuter family:

i. Common fuselage cross section.
2. Common flight deck layout, :
3. Common cockpit instrumentation.
4., Common landing gear tire sizes.

These features were implemented with a mimimum of
configuration design problems.

To also achieve:

S. Common wing carry=thru structure.
6. Common landing pear retraction schemes,

the twin—-body configurations were introduced. This allowed
the above objectives to be integrated into the commuter
family. The wing areas of the 75 and 100 passenger
conventional configurations were too large to implement a
common torque box carry-—throuph structure. See Table 2.3.
Rlso, the lateral gear spacing was too large to accommodate
gimilar gear struts with the smaller members of the family.
The 100 passenger conventional model has 4 tires per bogey
on the main gear, while the twin-body 100 passenper only
needed 2 wheels per bogey. See Table 2. 4.

From reasons discussed in Appendix B, two different
shp turbo—-prop engines will be used to span the passenger
models presented in Chapter 3. Table S.1 shows what
engines are integrated into the airplanes of the family.

From the Class I drag polar analysis conducted in
Chapter 4, it was determined that to achieve the desired
(L/D)cr values, the 12 aspect ratio wing will be needed.

Therefore, the weight penalty of the wing design is
necessary,

Empermage and tailcone commonality is desired. Design
work necessary to complete a proposal for these items has
not been completed yet. Handling qualities results and
Class Il weight and balance results will be required to
submit a commonality proposal for the empermage and
tailcone arrangement.

Systems commonality will require further study. For
the flight control system design, the open loop handling
Qualities will be examined and common closed loop
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characteristics will be proposed. A separate surface
stability augmentation system (SSSA) will be proposed.
Also a fly by wire flight control system using electro-
hydrostatic actuators will be researched.

The critical wing L.E. volume of the 25 passenger
model will be implemented with a T.K.S. de-icing system.
This system will then be able to fit into all the other
airplanes in the family.
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6. CONCLUSIONS AND RECOMMENDATIONS

6.1 CONCLUSIONS

1) A family of commuter airplanes have been desiged. These
airplanes range from 25 to 100 passengers.

2) Take—-off weights range from 21046 lbs to 112288 lbs.

3) The design of a commuter family of airplanes with common-
ality appears feasible if the twinbody concept is used.

4) Five designs have been selected to be taken through the
class ]I design procedure: .
a) 25 passenger
b) 36 passenger
- e) 75 twin-body
d) S0 passenger
e) 100 twin-body

S) The following commonality objectives have been integrated
into the commuter family:

Common fuselage cross section

Common landing pear tire sizes

Common main and nose gear retraction schemes
Common wing torque boxes

Common powerplants (2)

Common cockpit instrumentation

Common NLF airfoil

[ RE MENDATION

1) Continue design work on the 25, 36, and SO passenper
models. The twinbody 75 and 100 passenger models should
also be taken through some class II design methods.

2) Determine handling characteristics of the commuter family.
This will allow for the design of a flight control syst.m
that will achieve handling commonality across the
passenger range.

3) Propose a common empennage—tailcone arrangement.

4) Propose designs for common flight and operational systems.
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.1 FUSELAGE CRDOSS SECTION

From Figure A.1 it is seen that many commuter airplanes in

the 20 to &3 passenger range have 4-abreast seating. This
range oOf passenger capacity spans over half of the required
passenger capacity of the family. For this reason 4-—-abreast

seating was selected.

Figure 2.1 shows the selected fuselage cross section to be
used in all of the airplanes in the NASA commuter family. The
overhead storage volume calculated in this section is compared
with that of other commuter airplanes in tables A.1 and 4.4.
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DETERMINATION OF OVERHEAD BAGGAGE VOLUME
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IA A1

Rirplane Type

PARISON OF CABIN A

Number of Overhead Baggage Overhead Volume

AGGAGE _V M

_ Passengers Volume (cuft) per Seat (cuft)

NASA ‘

50 S0 S6 1.1
36 36 41 1.1
as 25 29 1.2

ritish
Aerospace -
BRe Super 748 46 41 0. 85
BAe ATP 48 100 1.6
BAe 146-100 64 S6 0. 68
de Havilland
DASH 7 50 59 1.2
DASH 8- 37 32 0. 86
Fokker
F-27 52 40 0.77
S50 S0 79 1.6
F-28 (3] 107 1.6
Shorts
330 30 40 1.3
360 36 s 1.4
ATR _Consortijum
ARTR 42-200 46 S3 1.2
Embraer
EMB-120 30 32 1.1




A.% CARIN LAYOUTS

_ The cabin layouts presented in this section were “laid
out® uwusing the methods presented in References (2) and (3).
The seat pitch chosen was 22 inches which is consistent with
those af other commuter airplanes as shown in Reference (B).

Figure A.2 presents the cabin layout for the ZS-passenger
commuter.

Figure A.2 presents the cabin layout for the Zé-passenger
zommuter along with an alternate cockpit layout having 3
passenger seats to be used as the second cockpit on a twin body
75-passenger commuter.

Figure A.4 presents the cabin layout for the SO-passenger
commuter.,
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APPENDIX B

Advanced Counter-rotation Propfan Engine Data

Statement of Purpose:

The purpose of this appendix is to provide the engine data and
configuration used throughout this study.
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1. _Engine Data Source

The engine data used in this report are taken fraom ADVANCED
PROPFAN ENGINE TECHNOLOGY (APET) AND SINGLE AND COUNTER-ROTATION
GEARBOX/PITCH CHANGE MECHANISM. NASA CR-168115, by Allison Gas
Turbine Division, General Motors Corporation.

The study engine falls under the designation PD436-11. The
technology in this propulsion system is verifiable in the late
198d's and is appropriate for production in the mid 1988°s.

Two engines for this study have been scaled from the APET
report: a 6608 shp engine and a 13.508 shp engine. The baseline
engine is shown in Figure B.1.

2. Engine Selection Criteria

The jipnitial criteria proposed for selecting a propulsion
syvstem for the commuter family was as follows:

* 2 powerplants per airplane
* aft-mounted pusher configurations
* one common engine core used throughout

Due to the wide range of power levels required between the 25 and
100 passenger airplanes (4219 - 13408 shp), it was decided to use
two different engine cores:

6800 shp engine core: for the 25, 35, and 58 passenger
, configurations
13,5060 shp engine core: for the 75 and 1608 passenger twin
body configurations

Obviocusly, the 25 passenger design will be overpowered by 34 per-
cent, but the engine cen be "flat-rated” to meet the airplane’s
maximum needs. This means the 25, 36, and 75 passenger designs
will carry an extra weight penalty.

3. 6,088 SHP Engine Data

Dimensions:

Overall length 108.5 inches

Maximum height 35.4 inches
Maximum width 26.2 inches
Maximum engine diameter 24.9 inches
Reduction gearbox diameter 36.4 inches

B.3



wWeight:

Engine weight
Reduction gearbox and

879
388

interconnecting structure

Propeller weight
Nacelle weight

Performance:

1698
964

Ibs
lbs

lbs
lbs

Sea level, standard day at maximum power

Power = 6204 shp

sfc = ¢9.368 1bs/hp/hr

4. 13,500 SHP Engine Data

Dimensions:

Overall length 158.
Maximum height 48 .
Maximum width 36.
Maximum engine diameter 317.
Reduction gearbox diameter 54.
Weight:
Engine weight 1,995
Reduction. gearbox and 1,840
interconnecting structure
Propeller weight 1,690
Necelle weight 1,360

Performance:

inches
inches
inches
inches
inches

M WN W =

lbs
lbs

lbs
1bs

Sea level, standard day at maximum power

Power = 13,457 shp
sfc = @.357 1bs/hp/hr

5. Installation Characteristics

The following dimensions are related to Figure B.2.
instellation data is for a counter~-rotation pusher propfan (6x6

blﬂdeﬁ) for Mcruise = g.74@.

Lg = 8.55D where,
ch = §.69D

d = ¢.25D

Fpf = 1.5BL

D - Blade diameter
BL - Blade length

R.Y.
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.1 SUMMARY

Thie appendix detaile the prcacedure, and decisicns made
irn determiriing realistic NLF airfoil sectiocr data. The
desion conditicons for the airfcil are:

1) Dran Divergerce Mach Number of .75
) Deesipn Lift Coefficient of .40

The airfoil sectior described herein is a paper airfcoil.
It is modeled after the HSNLF(1)-0z213 airfcil desipred by
J. Vikernn at NARSA Larigley. Te cobtairn actual data. extencsive
camputer aralysis and wind turmel tesets would be reeded,
which are beyond the scope of this project.

The assumed airfcil characteristics are:

t/c = 117 (unswept)

t/c = 129 (swept 20¢)

Cl = 1.6
max
C = 0035 (low speed)
miv
c = , 0075 (cruise M=, 70)
miv .
C, = .105 deg” !
o .
C = -, 10
m
ac
Mdd = .75

.2
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Appendix D

Class I Landing Gear Retraction Scheme

D1




Lo
'-
1]
—
ulj
0
n
Lo
I~
bl
J
[a8
-
ha)
8]
G)
D
Py
3
P
Ui}
ot
Al
bl
n
+
pot s
0
3
n
n
J
D
3
L]

This section presents the retraction kinematics for the
landing gear of the family of commuter transports.

From Reference 2 a preliminary tire choice was made with the
following dimensions:

Do = 30 inches " W = 8.8 inches

To achieve complete stowage of the nose gear a retraction
scheme which incorportated the tires turning 90 degrees relative
to the main strut was required. Figure D.1 shows the retraction
kinematics for the nose gear.

The main  gear could not be stowed within the fuselage.
Figure D.2Z shows the retraction kinematics for the main gear and
the modification made to house the main gear.

The Class Il landing gear analysis may result in some
changes to the landing gear as proposed here. These changes are
believed to be, increase the number of tires on the main landing
gear +from two to four or use two different tires, one for the
nose gear and one type for the main gear.



SHLVNINIY NOILIVYLIY VIO TSON 1°A "9/S
INIT ANNOYO

\\..\ A8 IMvyYa
STt Nl SKhOISNIWIT
T 3IYIS

os 2-t/-/ (TUvag

S3¥ILHIN/ 8°8 X OE
YILIWVIT 03US HINI T : SNOILIWNSSY

/” NINS IVITSNS

D3

YNIT /A vy I\

|

. “ = QVIMYING aYYMOS
|
|
|

4/|.. Y007+ 11d¥709

Fovve 9vyQa- - dadvnioy
WQ\N%Y/

. /. INIT TVIOVY
Il Bk BN oy N BE N D D BN BN B R B B BN aE Em e




SIHLYWI NI Y AOLLIVYLIY NYID NIVW T'Q "9/F st S8

INIT ONN0YD A |

V«\ G NMVYG

SI 47 &7 SNOISHIWICT ’ L4
0T/ (¥WIS

9--/): UV

FONVYVITI TIVM~ Y18 NONI T

FONVYVIII TVIOVY WINI S°A

SIS7L WIN 8°8 % OF
EILIWYIT AANLS WINT A 2 SNOILIWNSSY

DY

Yalvnloy
FONNN/T ONINIOT:

9/ 2385)
Fovrasnd




APPENDIX E

ARAMID ALUMINUM DATA SUMMARY
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September 4, 1986
Preliminary Overview of Feasibility of using ARALL
as a Primary Component of Aircraft Structures

ARALL - Aramid Aluminum Laminate. based upon an August 1983 report.

E.1 _ PROPERTIES:

202473 _7075T6  _ARALL'
.2% Yield Stress (KSI) 52 70 77
Ultimate Tensile Stress (KSI) 68 81 114
Proportional Limit Comp. (KSI) 39 70 47
Youngs Modulus (KSI) 10440 10440 9135
Failure Strain % 17 11 3.5
Specific Weight 2.8 2.8 2.45

3

Density I1b/ft 174.8 174.8 152.95
*ARALL 7075-T6 sheets with intermediate modulus fibers and pre-strained.

E.2  STRENGTHS:
High static strength particularly in tensile yield stress.
High fatigue resistance, in fact it is almost fatigue insensitive. with a life
cycle of a factore of ten(10) times more testing cycles.
Better corrosion resistance, including the bondline when pretreated.
Delamination under heavy loads and corrosive environment is no probien.
duality'control by C-scan and Fokker bond tester easily detected delamination
and volds.

E.3  MACHINABILITY:
Easily cut, drilled, sawn and milled by normal workshop procedures.
Countersinking is possible with conventional rivets. Briles rivets are ideal
for thin skin installation.

E-3




Adhesive bonding with pretreatment and high temperature curing is allowable.

This material can also be bolted.
Plastic sheet beﬁding is possible, including fabrication of stiffeners and
limited double curvature bending.
E.4  AREAS OF CONCERN:
Prestressing of fibers, a technique to obtain better compressive properties,
is "rather expensive".
Strength decreases with moisture absorption. Stiffness is not significantly
affected.
Notched fracture toughness is comparable or worse than Al alloy. (Intermediate
moduius fibers had best properties when notched)
Low fracture toughness when through the thickness damage(cut fibers) occurred.
Although it had far superior fracture toughness with the fibers intact. This
is offset by whether such accidental damage will ever occcur.
Avoid peel forces higher than 0.146 pst.
E.5 MOST LIKELY STRUCTURAL COMPONENT USES:
Where panelloading is above 6.27 psf, probably in lower skin of wing
cylindrical part of pressure cabin
Lower Wing: Changes from fatigue critical to mainly eritical in
compression(negative gust case).
Fuselage has two critical areas:
Bottom: Fatigue critical in tangential; compression critical in axial.
Crown: Fatigue critical. |
Overall, where used yielded about 30 percent decrease in structural

weight.
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F.1 STATEMENT OF PURPOSE

The purpose of this appendix is to present the class I
weight fractions for the airplane family components. These
weight fractions were compiled from weight data in
Reference 7. Table F.1 displays the airplanes used to
compile the database and the weight fractions for the
commuter family.

JABLE F.1 CLASS 1 WEIGHT FRACTIONS

Compornent Fokker Fokker DeHavilland Commuter
F=27-200 F-27-500 DHC7-102 DHCE6=-300 Family
Fuselage . 099 114 « 106 » 136 114
Wing - 104 « 100 .111 -— « 105
Empennage » 024 . 024 « 030 « 024 . 025
Powerplant - it « 107 . 100 . 103
Landing Gear .042 « 041 « 039 i . 041
Fixed Eqpt. - . 144 « 169 - 145 . 153

.2
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G. 1 STATEMENT OF PURPQOSE

The primary objective of this Appendix is to determine
the location of the front spar and the rear spar such that

"the chord lengths of the wing torque boxes of the 25, 36, and

SO passenger airplanes are equal in length. Table G.1 lists
the wing geometries.

JABLE G.1 COMMUTER FAMILY WING GEOMETRIES

ax 6 _pax SO pax
Wing Area fta 421 449 591
Aspect Ratio i i2 i2
Wing Span ft 71.1 73. 4 84.2
Root Chord ft 8. 46 8.74 10.0
Taper Ratio 0. 40 0. 40 0. 40

Of these different wing configurations the length of the
torque box was limited by the wing root chord length of the
25 passenger commuter. The results are listed in Table G.2.
See Figure 2.4 for the wing overlays with the common torque
box structure shown.

TABLE G.2 WING SPAR LOCATION

Passenger Front Spar Rear Spar
Model Root Tip Root Tip
25 . 080 - 080 » 850 . 850
36 « 075 . 084 ' » 790 . 785
S0 .110 « 130 « 7950 « 615

G 2
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J.1 I NTRODUCTION

The purpose of 4his appendix s <o pV‘eseV\*'.
+he pve\\'mma»fﬂ s'\z.inj ond Class I design cale -
wlations . Me+hode (sed were +aken from
ReSevencee | and 2. Refevences 5 and & ave
used for <tability and cuntrel dezign comiderations .

Section J.2 contains preliminary weight <izing
Calculations . These results ave from XEWTOG, o
Computer pvogram available at +he University of Kovzas,

Section 3.2 contains pre\\'m\navj pev for mance
vesuldts  Lrom XPRFRM, .avxo-\-\nev- CDMPV\‘\'QY‘
proavam ot K.U.

Section J.4H cOw+ain£ Class T Flap s?z;mﬂ
Caleulations.

Section J.5 contoins Class T empennage
‘_;\‘L‘lws (V- bar medhod ).

Sect+ion J.b contams Iamo\inj gear design evriteria .

Dection T.T contains $+ab'\\'|'\-j and covirol
calculodions .

Section 3.8 contoine +he wetted avea
calewlations  omd He Clace T drag polars .

J. 3




M. BUSSELL- ENGR. CALCS, ljo PAX. Jl=12-%6

=

50 :u:zvs

o dE BEN W S

22-74"

| 22..
A 22

T S N U S S B EE aE W B e -

p—

S.2  INTIAL WEIGHT SI1ZING

Using XEWTOG , a weight %‘\L"ns pProgram whic\
followe +he medhod 1w Chapter 2 of Refevence |,
+he gnl\ow'mj wel 4TS and doke- off  weight
sensihivities are determired for  Awe SOpssenger
awrplane , <Tee Toble J.|.

The design assumprions used in  +he
we'\sw\- s'\z.inﬁ ove :

(L/P)er= /b
Cp = 0.4 tbs/hp/hr
7, = 0.85
Ver = 442 kts

J. 4
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TaeLE J.1 INITIAL WEIGHT SIZING RESULTS WITH SENSITIVITIES

WEIGHT ESTIMATION FOR A REGIONAL,
PROPELLER DRIVEN AIRCRAF:
PASSINGER WEIGHT IS 10259.

CARGD WElGHT IS L.

CREW WEIGHT IS B1c.

PHASE W/W CJORCP NP L/D ALTCR % MCRORV EORR

v C.980  0.0¢ 0.00 C.0C c. .0 0.00 0.oc
2 0,895 0.cC 0.00 0.00 3 0.0 9.00 5.90
2 0.995 .00 c.oc o.0C C. 0.0 0.0C ¢.oc
4 0.99¢ 0.50 9.77 15.00 30000. 2000.0  270.00 0.00
$ 0.%0¢ 0.4 0.85 16.00 L. 0.0 0.00 1085.0C
T 0.985 0.00 0.00 0.00 p. 0.0 0.00 0.00
8 0.995 .00 0.0¢ 0.0C ¢ 0.¢ 0.00 0.00

REGRESSION COEFFICIENTS ARE A=0.3988 AND B=0.9647
THE MISSION FUEL FRACTION WITHOUT RESERVES 1S:0.86¢
THE GROSS TAXE OFF WEIGHT IS 42057. POUNDS.

THE EMPTY WEIGHT 1S 23963. POUNDE.

THE WEIGHT OF FUEL IS 6913. POUNDS.

“272EMPTY WEIGHT REDUCTION DUE TO COMPOSITES: 5.0 PER CENT

** SENSITIVITY ANALYSIS BEGINS HERE **
GROWTH FACTOR DUE TO PAYLOAD WEIGHT IS............
. THE TAKE-OFF WEIGHT TO EMPTY WEIGHT SENSITIVITY IS

I

CHOICE NUMBER.. 4 5

CLIMB TO CRUISE  CRUISE
SFC {LB/LB/HR) XXX X%
SFC (LB/HP/HR} 0.50 g.4C
PROP EFFICIENCY 0.m 0.85
L/0 16.0 16.0
VELOCITY (KNOTS) 270.0 0.0
RANGE (NT. MILES) EXRXXEKX 1055.0
ENDURANCE (HRS) TXXXXXK KXEREXX

_THE SENSITIVITY OF GROSS TAKE-OFF WEIGHT TO THE FOLLOWING PARAMETERS
IS NOW GIVEN AS THE PARTIAL DERIVATIVE OF THE GROSS TAKE-OFF WEIGHT
TO THE INDICATED PARAMETER.

DWTO/DCJ (LB/LB/LB/HR) 0.0 0.0
DWTO/DCP (LB/LB/HP/HR) 0.0 39784.5
DWTO/DNP (POUNDS) 0.0 -18722.1
DWT0/D(L/D) (POUNDS) 0.0 ~984.¢
OWTO/DV (LB/KNOT) 0.0 0.0
DWTO/DR (LB/NT MILE) 0.¢ 151
DWTO/DE (LB/HR) 5618.8 8.0

PLOROP

L.
5.

L

OO Do .
. s e .

J.5
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J.2 INITIAL PERFORMANCE <1ZINC

The results from XPRFRM , a performavnce
©izivg projraw , arve given /n +his section. The
methods used are jn Ch. 3 of Reference 2. See
Tables J3.3 +hrough J.6,

J.b
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.4 FLKP SI1ZING

Using +he method of Ref. 2, Ch.7, i+ /s
determivied +hat +he following $lap geometry
wil\ supply the inerem ental hh§4 heccssa}rﬂ for
+ake - off and landing . See Table J.7.

The design calculatione SLollow.

TABLE J.7 S50 PAX FLAP GEDMETRY

TYPE: TRAILING EDGE FOWLER FLAPS

Ceglc = 0.25

Swi/S = 0. 082

be/b = 0.638

TAKE - OF F Sp=20 dey

.LAND/N(: Sg= 40 o(ej

7/

o

o, /0
O. 738

u

J. 2
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s reaseonable .

M. RUSEELL | ENGE. OALCS.

i 50 PAX
CLASS I FLAP S\ZING - {,r. Ch.7, Ref. 2
C‘-Max = 1.5
c‘_ma" - Z.O
Te
Crpax, = 3-0
Rup = PVCr/u = /L28x /0’
Ry, = PVCi/u = 5./ x/0°
From Ffj,7 of Ref.2 , a ./3 arrfo// ylte/ds
()Imaxr”’,_ = /' U
C)IMQX,L,'P = 27
With Egn. (7.3) -
Comay,, = .95(1.85+17)/2 = /.69
Using Egn. (.2)  Cep,® Comr 05 Mo
= [.69Q cos [3.]
C‘—maxw= [.6 5
With Eqn (7.1)  +his yields
Coppox = I~6S/7.08 = /.53
Thrmcore, +he assumed valne oFf Q,..a,,—'/,g

J-/2-F6 |




M. RySSELL I ENGR, CALCS . | ERFA Y [1-/2-&¢

-

Incemental Cilmox valuee 4o be 3enera-/ef
by +he Flaps :

7—al<€-0'f';'. Achax s /. OS(CLM’TO' C‘max )

Te
ACLmax, = 05 /(""‘“'1_- 0‘M4X>

AC’LMaxTa: 0-52;
Aal.motx‘_ - /C 58
Frem Eon. (7.9) Ka = 0.906

FARET Y
)

VD>
00 S

niEMNcosuml N BN

AZ-2
221

Using Egqn. (7.8) .
T.0. : Ac‘gmax = .476 (5/5w¢)
L AND 80ppax = [1.43 (S/5wF)

B
.

Assuw::j Fowler -F/qlos with
ls Jo = 0.25 95, = 20° Sp, = 40°

From Fig. 7.4, K= .96  and with Egn. (7.11):
AC, = (/k) 8Cpax

7.0. : 20y = .49 (3/5.¢)

LAND : 4Cy = 1. 44 (S/SwF)
Obtainable ACzpap

Using  Eqn. (7.77) Cep = 785

Since C'.a.me is more critical On{j /4t is comsidered.
From Fiy. 7.8 Hg. = 0. 40

With Egn.(7.04) , 4G, = 2.0

Thus +his.  will jgntm‘/‘e Fhe ve gui ved (’lmu'

J.14
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J.5 V-BAR METHOD FOR EMPENNAGE <S12/NC

- Refevence 2
C‘)Oi'zven'/'/.ona/

Taki ng an  av

Chepter 8
T-Tairl type ewpennage

erage value for Vu, Vv From

Tab jes 8.6a gnd 5.6 b:
\7H = /.08
Vy = .085
Similar averog€< are Found for 4he -f:o//owl'nj.'
Se = .30
Sk
Sa = .06
S
Sc = .34
.
For +he &0 pax :
S= 592 4%
C = 746 +41
Xy = 36.7 ++
b= 843 £
Xv= 3/.9 H
Fromy Egqn. 8.3 Ref. 2
Sw= V,S¢/ Xy
s Sy = /30f£+4%

J. /b




M, Puecrs e - | ENGR., CALCS. COPAX  /-12-8&

DU IREFIS

[ ]
22-% 00 S 3
2o U BN N F

AX-137

a

I B B I D E N Nl B B E e

From Egn. (%.4)
Sv:= WSb/xy
Sv= /30 42
For +he cdontrel surfoces
Sa= 35.5 H?2
S, = 44.2 £4 2
Se = 46-8 4
Toble J.8 Geometric Quantites for the Ewmpennage

Hovizontal Tail Ver +ical Tai/

S, = /30 £47 Sv= /30 £4°¢
Aw= S Av= /.4
Aus= .5 Av= .5
Ae= 25° Ae = 40'0
Cy= 5.29 Co- .90 &
b, = 25.5 &+ by, = /2.5 £+
Cr = £.%0 Cp = /2.8 £
C, = 3.40 Co= 642 £+
@fe)n = 12 root, 10 4ip EE)v = . I3ro0t, .12 4ip
r=o0° P = ap®
i = o° L = o°

J.17
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22.
2.1

!

S. CLASS I LANDING GEAR DESIGN
From Ch.9 oF Ref. 2, Jt 75 decided
to chovse a 30 juch Fire diawmeter witl

a width of 9 inches. Th/s +ire can Carry
20000 /Jés .

From weighl and balerce Coleulotions
levngitudinal gear placemend criteria were
met., The is a 21° angle bedwees, Fhe
37001540( contact pont and +be aft ¢.9.

Fig. J./ shows that +the [aters)/

FIp -ovevy  criteriesn s med For a |98 jack

whee! base.

J.18
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LATERAL TIP OVER CRITEERION

TEST

FOR_THE 50 PAX AIRPLANE

To me<s + +he f@?m're ra €

rt" +l;e an /e

Y must+ be < 55°
\
Y
1
X, ¢
Xegpyp ot €57 | T~
M.G. at FS. 720 N,G.cs1 Fs 220
Z= 12! in.
e o J2! - .7
2 tan 5%° = 7 A= 84.7 /n
s Xy= 87 - 220 = 437 n
X N ¢ =sw ! £ . sm'f;‘;'7=//2"
I

y = (720- 220) tan /.. 2°

y = ?8.
Thus, wheel bose = /198
FIGURE J.| LATERAL TIP-

8 /n

/N

OVER CRITERION

J.19
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J.7 STABILITY AND CONTROL CALCULATIONS

The caleulation of required stability

derivativee are Presem'f‘ed in +his section.

C"""w , Page 3J.2|
Cogy v Fage
de/ da Fage
Mu l+hopp Integration , Page
YACA_ , Paje
Co,, , Page
O"'/sg y Page
O"ﬁv , Page
Crng , Page
Page

o

C’rge

Vme , OET - Page

J.20
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[=/2-fe

-

;5... B ]66 vornsr e

"

. S
‘RO N N

50 PA X

WIN(G LIFT-CUVRVE < LOPE

S=85892
Ag= I58° = .26/8 rap
A =12
From Ref. &S , Fig. 2.12
For A=12,
K = |+ [(22-2.3/,) - (2.2 -./53AL) A] /I0o
K= J.0o54
Aejp = 11.01°
Cyp, = .0 eap”  (from NLF data)
= Ji-mz2 = [0 = L9y
- C’l“ = 0982
27 /3
U$\n3 +he Polhamus Eqn. from Ch.2 of Ref. S
o A 27
Lo = >
K (2+/ A%pB (/+-éan Ac/z)+L}>
C,_d = 4.72 rap”!'| M=.70
A+ M=0 Co_= 479 rap”’

J.2)
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100 a
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P S R
22.°

e
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=2 -EL

Calewlation of cb’“H

A= 5 Nejo=184d° Ace = 26°

A = .50

K= Loed

A+ M= .70 P 774 H=.683

A+ M= 0O B=/0 H=.957
Using +he Polhamus €quation again :

A+ M=.70 Copyy = 3-64 eap™!

A+ M=0 Ce,, = .75 raD"

J.22
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M, RvsseLL . | ENGE., CALCS.
Calewladionn of %‘; (M‘aiwj Ref . 5)
Fwaw p;j. B;Zg
m= Z22 . 407 A, Jor = 2.75
565 h/
r= £42 = ,/3
s5¢5
A= Y
This 5}e/a'5 _Z-:f = .32¢%
- 4d£€  _
/ == .07s

J.23
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M. RVSSELL | ENGE, CALCS . | S FAYN /-(2 P& A
Mul+hopp ln+ejra.-t;an* for A?kcm (SO0 PAX)
aM - 2 2 wi) i@—J AX; pEG™'
ol et 36.5 it
CORBECTED
AX; Ws (x; ) X; AT/ ) dE fda
l 2o 72 422 /.0 /.03
2 100 97 225 /.02 /. 05
3| oo 97 225 /.03 /. 06
4| 00 49 /25 /5 /.03
5 7é 97 39 /-2 /.94 |
2 /50 97 75 /)5 ;
71 150 97 225 . 244
gl zos %0 382 .583
N| 10 158 /12 .17/
Ce= 113 in
Ay= Y42 in
E,,= 5,29+ 63.5 ,n
é = 2/L ps-F
dg _ . 225
de

% From FRef.5 seetion 3.4.6

3J.24
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2, QALCLS. l SoPAX

SU SHEEIS

00 ¢
00

La-14)
22-\

22-

&‘*\

CaLcvLaTiON  OF Xaca
From Ref. 2 , Ch./l .

-. 055

XA'CWB =

¢

-/

3.64 RAPD

l—dH

de _ .32%

Xpe, = £.3%
Copy = “472 2ap7

From Een. /1.1 of Ref.2
= _ —.o05% + 3.64(/- 525)(5#/5)(4-,33)/4 72

XAC,,‘
) + 3.¢4(/-.325)(swls) /4. 72

y _ —.05% + 3.32 (54 /<)
A T
A / + o521 (5;/-/5>

So , 0845 . 2/3

/00 a4 . HG2
/150 L2534 92

OE

Xpc,= - 00479 Sy = L0233 Y

This is plotted in Firure J.2

J.26
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| ENGR . QAILS, _ SO PANX HN-12-8¢ .

C.G. ®#IFT DUVE TO

INCREASING TAIL AREA

Wewp 4.482 ps¥
(MP
Wy = 76/.9 Jbs
Thus

WCMP = 4.‘/22 Sh" * 7‘/.9

From Closs T We:'jhi-s

Sk Wemp Xconrr Xeguer
50 786 L3 . 235
/00 /210 72 . 335 -
/50 1434 680 sH2ZS
200 /65 % 6 %97 L. 525
XCjAFT = - 00/‘72 5,.,; o p. /140

This is plotted in Fig. J.2Z

g. 27
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M. RUSSELL l ENGE, CALCS, | 50 Pa X /=12 -%&
CaccuraTtion oF Co,
‘A: . 4 ALE;’L’LOo Ac/z‘: 19.9°
K= 1+ (187-.000233 Aig )A /100
K = /o026
(/(Sinfj, +the Pouﬂc-.mus E?ua‘(‘forw Lrom
Fiqure 3.12 of Ret. S again:
A+ M=.70 Cop, = 1.87 RAD™
A+ M= = -
o) C._dv = /.89 RAD
PRECEDING PAGE BLANK NOT FILMZD J. 29




. '__&_&us:aég. l ENGR. OAILCS.,

' S0PAX [1=12-%¢&

C aLcuLaTioN oOF G”B
B

Rge= 189 x10%
Kr, = 2.0%

-1

Cnﬁ5=— ~.J]41 RaD f

Ca\cu{a-\-ion
Cn = Cu

9&' Cﬂ Bv

Sv Xy

S b

By “v
Lcn = . OOIBq sv
PBv '

(Us‘mj method of Ref. (a>

| l CnBB= - 573 Ky Key E—: _'és_
I ls = 94. 6 &+
S = 592 #°*
.,,! L= 4.2 4+
:gi Seg, bey H°*
&5 ¥p = 47.7 £+
'g? hy = 98 in
hy, = %9 in
h = 9% in .
w = 72
Kn = . 00/
Ry = P:’i‘ V=696 fps

/.87(sy/5a2) (27.17 /84.3)

J.30
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o
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Calculation oF Cn/3

T hus

]

C‘.q,3 = - /4]l +.00/139 SV]

This is plotted 'n Fig. 3.3 .

For o. value oFf C”B= .00l pes”!

an Sy = 143 % s requirad.

J. 3|
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IV SHEEID

R42-181)
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w
Estimating C‘nJR for Engirne - Ou+ Calculation

(x¢s)e | s
0)’ = ——t (x5)a, K' K =
) 'y sle b g
E v (0(5)01 £
C""V= /.57&5“‘* M=0
(D(S)Cﬁ = =.70 (‘_’KS)Q - 1.1/
(0('5)01
Ky = Lo _Kl=.é5
075;:: —.00/52 Sy rap~!
- - Xv
cncﬂz - CYSE b
_ 37,17\
100152 Sv (34.3)

Lcngz = 6.689x0°7 S,

¥ From Me%hod’ n Ref. &

J.33




_r__A'L_EtJ_S.S_ELg_?_LENﬁE. CALCS. | sppax  1)-12-5¢

22-74"

i

50 SHEFTS
22- 100 5
- . . N

ENCINE - OUT CALCULATION

Frem wmedhod n Ref. 2 , Sectiomn /1.3
YV, = 5.49 (from 3- view)
Pro .o = 6000 (one engine)

Frem F'fj. 3.8 of Roskam's Devicn Book(F’ar‘Fl),
Tr0,= 10,962 /bs

Negris = Tro Yeesr = /0962(5.49)
Ny ., = 60184 +-lbs

cri

Np = 40Ny ,,p = 24074 H-lbs
Vme = 1.2 Vg,
Vs _= 141 $ps
Vue = 169. 4 Fps
Ime = 33.9 pst
Sk = (Neeipt No) /ZueSbCng,
Sp= 7417 /Sy

For a max imum rudder deflection
ot Sr= 25°= ,42632 RAD, +he required
vertical +ail area s :

Sy= 170 §$+°

.34
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H
HE 0 G R TN T A N D B O R O ET'EaC'ess IS EE BN e

Revisep VerTicaL TAIL

To MHoLp ENGINE -0OUT

Sv= 10 §£4°
by = /5.4
Av = 1.4

Ce = 7.25 §4
Cvr = /4.7 4

Av = 50

¢ _
& e
Cy = /.4
/\"E'v = 40°
Y = 5.44

A, = 37.2 £+

CALCS. EoPAX  [/=)2-F6

J.25
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J.8 CALCULATION OF CLASS 1 DRACG POLARS

In +his section +he ajrplane wetted
drea s determined . From +his , +he

ckin  fricton o.lraj /s a,o,orax/mav‘e L.
Class I dragq polars are constructed
and  compared  with Fhe prelinminary
drag polars  from perfor mance sizing.
Table 3.9 contains a wedtted area

breakdown .
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Swn
X
)

2-
2

1 ' (o]
1 -

2

Gl R B TN T OE O I B BE I BEE e
;

List of componerts +hat contribute <o
wetted area:

Wing

Vertical Taul

Hovizontal Tail

Nacelless and  Pylons

Fuce laﬁe.

1) Wing
Swet = 2D L)+ 25t (1+%2) /(14 >):(
Sexp = 592 -825 = 511.5 §+*%
&ldv= 3 (fe)p= .10 A=. 40

T=/,3 :
Swet = 2 [5//.5 { 1+.25(.13)(+4 3% .4)} ///7‘.40)]
ls“°+ = /059 42

2) Ver4ical Tail
Sexp = 170 F£4%
t/e) = .13 (tfe)p= .12 2A=.5
T= /08
Swet = 2-('70)[/+(-25Y-/3)(/+.sx/.a?)//-‘S]

Swet = 35|

J.37




RITERY ST L N Y
00

Fya T
22-1%
22-V

-

l___M,_&Ls_éEu_- | ENGR, CALCS. | 5pPAY [=/Z=-FC
3) Horizontal Tail
l Sexp= 102 §+*
' A=.5 @/¢)r= .12 (@je)= .10 T=/2
I Swet = Z(loz}[l-f- -25 (./3)(}4- /.Zx.s)//,lj]
] Swet = 207 H"\
y 4) Nocelles
Swet = 7 /eenj Denj
= g (108.5)(38) /144 = G0 4%

'
Gl B AN AR BN i D N BN R aE e e

2. ENGINES -

S) Pﬂ fons

fSNET = |80 §+*

A= gl = .12 > =/
Sweb = 2(5)(e) [103] = €2 &

2 PyLons : ]Swe,.- 124 Hz(

é) F’u.se.\aje_
Dy= 3.05 £+

Ly = 9408 Ap=94.08/%.05= /.69
Swet =ML Ug (/-Z/N)z/3 (1+ '/ﬁ)
/
= w(ros)ov.08)(1- 2/ne1) (1+ 1/ne3%)

Swe-’* =

2115 4%

J.28
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221
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-l BN .S B T Tl D AN am B BEm Em

TaeLe 3.9 WETTED AREAS OF S50OPAX COMPONENTS

/

COMPONENT ' WETTED AREA
WING /059
V- TalL 351
H- TAaw 207
NACELLES 180
PYLONS )24
FUSELA GE ' ZIlls
TOTAL 4036

From Fiq. 3.2/)8) of Roskam's Design Book Part+ 1,
Sor Cy= .0020 ,
F=12.1 $£4%
Cp,= ¥/ = 2. /542
(Cop= .0204] m=o
Adding .oooz +o Cp, for compressibility effects:

Cpa-'— . 0200 M=.70

Take-off Cp, increment | ACp_ = .0/5
Landing Cp, Increment

.05  for gear

. 075 for Flaps

J.29
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M. RUSSELL NGR., CQALCS. . 50 PAX
DRAG POLARD

Take-off : Cp,= .02¢4 + ,01S = .0354
€ =.%0 A=12
<
CD= CPD+ C,_
TAE

Co= .03%354 + .0232C.%

CRUISE 2 Cpo= « 0200

€= .35 A=12Z

Co= .0206 + .0312C. %

LANDING @
- Cpo= .0204 + ,090 = ,//O

e =.8 . A=12

Co= .10+ .p332C.%

A+ cruise CL=.3%
By taking a 10% reduction in Cps by
+he use ot NLF
Cp= .0/85 + .0312C%
(L/P)cz - 4,/
The preliminary assumption was
(L/Per = 6. Thus A(L/P) = -/ 9

J.40
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TV JFEIIKC 1D
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22-1

/=12~ 36

From initial weight sizing ,

._—JWTO = -7‘?4 /66
Q(L/P)

Thus  AWg,= 994(L2) = 1889 /és

W, = Wip + aWro
= 42057+ /889

W4 432,946 Jbs

° NEW

T his represen~/s a o5 T, chamye /n
take - ofF weijh‘f. This majn/%uaée oF

chamge does pot warreat /“c'sizimj.

J.41
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K./
K 2

INTROPUCT 1 ON
INITIAL WEIGHT SIZING

K3  INITIAL PERFORMANCE SIZINS

K 4
K&

K. 6

K.7

7

FLAP SIZ/ING

V-METHOD FOR EMPENNAGE
SIZING

CLASS T~ LANDING & FAR

DES)|GN

STABI/ILITY AND COoNTEROL
CALCULATIONS

CALCULATION OF CLASS ITT
DRAG  POLARS

K3
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K.l ITNTRODULTION

THE PURPOSE OF THIS AFFENO/IX /s 70
PRESENT  THE  PRELIMINVARY S)2INE  AND
CLASSE T PESIEN  CALEULATIONS, METHOLS
USED  WERE TAKEN FRIM  REFERENCES )
AVD 2.

REFERENCES 5 VD 6 ARE USEL FoR
STABILITY AND  CONTROL PES/6N CALEULATION

SECTIoNV K 2 CONTAING  PRELIMINVARY
SIZING CALCULATIONS , THESE KFFS5ULTS
ARE  FRom  xEWTO6 |, A COMPUTER  fROGRA
AVAILABLE AT THE UNMIVELSITY JF KANSAS.
SECTION K3 CONTAINGS  PRELIMINARY
PERFORMANCE  RESULTS  Flom  XPRFRM,
SECTION K. 4 CoNTAINS  CLASS = FLAS
S12ING CALCULATINS .

SECTION K&  CONTAINS  CLAsSsS I
EMPENNAGE Sizivg (7 -meTHoD )

SECTION K& CWTANS  LANDING GEAL
pESIGr CRITERIA

SECTION K.7  CINTRINS  STABILITY AND
CONTKROL CALCULATIONS .
SECTION K. & CONTAINS THE WETTEL AREA
CALCULATIONS AND THE CLASS T PRAG POLAKS.
K. 3

3

V77
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K2 INMITIAL WEIGH T SIZ2/M&
USING  XEWTO0G, A WEIGHT SI1Z2INE FPROGKAM
WHICH — FOlLows THE METHOO v CH. 2
OF REFERENCE ) | THE FOLLOWING WEIEHTS
AND TAKE - 6FF WEIGHT SENS/TIVITIES ARE FoR
THE 756  [AESENGER AIRPLANE., SEE TABLE
K./ |
THE  DPES/IEN ASSUMPTIONS USEL /N
THE WwWEIGHT SIZING ALE
(L/P)ee = 1€

K. 4




6. DPAGUSH. _ ] ENGR. CALC.

§ SQUIene
RI {11

S42 gQQ trerer-

.o
'N’"-”‘ -

K. la :

TABLE

INITIAL WEISHT SIZING LESULTS

; ORIGINAL PAGE IS
OF POOR QUALITY

COCOOOCL

PLOROP

CLLOO0LO
DIDDIDD

£ o » @ o 0 9 o
DOOODDOo0O
o
wy

-
')

> CCOCOC

OO0
G o o0 0 a s o
QOO
(g™
o
- L2l
[aY
r~ N

CLaC e W ICC3 »
W e o0 a8 0 00D s
G CreACIEDC 38 se )
[ X T ]
DO+ 2
L] b=
a
i
3] > .
() ® 5 & o » 0 o7¢¢C & W

YT O CHICras 1. = o( .

- [ 38 NV, Brg
a [ BTPRX Wl Buss
DU T
v ~.2D0a
N\ M 0D
-t oy i o
3 DD I TIC) B
- [ SYTSST AT Wi Y <F) 9] SN | B~ & *O
d . N, ® 6 0 o s o 7] [Ya 30
Lo R T8 A CHAC OV THE N
N — R e
u: *, [T n.
wh=N » Lz Bl B 4
Ue=C: o OOQCW LICY T3
Q-1 DD D DOV
1§ N2 » 0 @ 0 0 3 op-p—t
"o Y QDO JHIT VN W
(&) 24 3T
W r—en -y N
<3 - [% LU U =
Ped (S Jon Di DS [ oy Tho Lt T BN | SRRV
e SOOI L O=D

T N X o » ¢ 0 v o ol 1} rTu
- U0 ) Co I ACHIIC NI NY

Foreard ey (& JVERS L 1S
- G TEY 2 ] L @u.d
4T IO T2

[ T CNALMIAK IS O -

XU =D BiRN NN DD D N » X
LI N Q-0 (2.5 () (2 P4 WN= L

AT AT © 0 0 0 0 ¢ 8 NNDG
AT T ODODOIDOWVIEICE U
T YO0
(R oWV Tiis JVA a

e H 14T | A MYV HINT)

YT T e=CyMN-FINN- 1123 T
AN DOL OF b= oo e e

K.5




.

6. ORAGUSH | enée chace

’ 5~ PAX  9-22-5§

5 3 5QuARE
S SQuy

2 100
200

SENS]TIVITY RESULTS

K. 1b

TABLE

N
[
W

us (Y73
Q. [ 3R]
L )
(V) ® 3
L oh-
"Wy oy
L4
.e L X2 |
v .
12 ory
[ [ L%
- [ %4
(R N Pyt
D ¥ =
[}
Tt b e
Cix1 Y
Lhi)r N0
b ol 3 2
[ BN F £34 )
-V Xk
-
Wi e3>
o B B5 &
Cru:Cr0
P21 Ay
& >
[ 2V, I 4
str-tin O
[ i B
(S} X dyl
ot Yy
i 7
TN
073 Dr
Lo IRY ]
- X
T
e OYIL
Laa -2 LY W
1768 4 QIO
X1
Ll L
b i le BEED-*
p-223 2
Q. L e o
Nz
il Du
oy T
~ gD~

3IER.,

CHOICE NUM

C

4 30D B e o
¥ L. o CiH+ | u.
L) e D&Y L ad

4+ Oe

E

crutl

>
~e )
(s 3¢ gpcd
T
~ N
e n W
ot T
-~u
DOWU
J_Jl_l:
L4 4

[T
VOO
[PORF R« &
(Ve IV I Wt |

ORIGTNAL PAGE 13
OE POOR QUALITY

CiCreo U vy

[T4AR I [ g £F g
—dd e 3O
LA ks Ne) -\

i -146Lrr
' 6Tl o~
AN D 3
UXaasa [ ]
~ D= AT~
~u CINNNTY—37 .
NUIAAWTIDIOD o~
V- ar 170 20
Ordlrtt ANSNDww 22T
SFTT>T00MO  sasaw
L e FYV AL DO BN 1. WP, P ]
b B - T 6 L2 ol Y g PO P B |
O—.JJHD--(Z Ny W o
> T LIV ™IL O S
b 2 LI Z s 3 0 0
M SILRIBOOOOGO0
QWL T NN~
QUD Z=-00O0LOGO
- =D [l and o o T S
UITTLVNOITTITTE
B U rdp=3DIDAOAD




G. KAOUS HT | EVvar. AL | 75 rrix (1 TvLoe

-

50 cticeyg

W W e

22.141
22-
22

K3  INITIAL PERFORMANCE SIZING

THE  RESULTS  FROM  XPRFEM , A
PERFORMANCE  SI1ZING  PROGRY | ARE
PRESENTED IV THIS SECTIon, THE METHOLS
USED ARE IN  CH.3 OF LEFERENCE 2.
SEE  TABLES K.2 THeousH K £.
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SIZING TO STALL 'SFEED
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THE — IWVCLREMENTAL  LIF7- WNECESSAK)Y [FoR
TAKE —O0FF  ANO  [ANDING . SEE THBLE
K.7 . THE  DES/I6rr CALCULATIONS FolLow.

TABLE K. 7 75 FAX  FLAP SBFOMETRY
TRAILING EPEE FOIWLER FLAPS

cCE/C = 0.25

Swe /8 F 0, 80

be/b £ 0 80

J.F = 30°
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taw N, = taw A, - iz [(25X.429)]
ton "‘/L-Z.s'c’ = 268 - 0324
1 s /3 °

252

ASSUME  FROM  MATCHING GRAPH :
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CLm&xw =/ 47/605 /Z°
UNSWEPT
Cam w = /.5
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CLWW o ﬂ-?;(/-;v"/,;)/z i/&A oK
,CL,”A-X ® /0 434’
[ 4
ACLMX(. s /.06 (CLMA-XL - ém,qxw)
ACppe, = 105 (3.00 - 1.43)
ACLm&XL = /.65
A s = AC,,, (- 5/&/) £,
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Ko = 0.906

CASSUME Ce/C = 0.25

J, = 30°
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K= 094
4Cy = (V0.9 )AC 0

. 04 2.50 3, 74 7, 90
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0.5 2.00 2.99 Z./1
0.6 /.67 2.50 2.60
0.7 /.43 2.4 2.23
0. & ].25 /.87 . 95
0.9 /.1 /.66 /.73

[R——

For Fowler F/a,as:
ASSumE = Cy = 277
Ch, = 27 (1+025) = 7.85

4Cp = Cpp =dp Ir = (785Y0.47)0.52)

Alyp = 1.93

Swr /5 = 0.8
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AND B¢ b , AVERALE VALUES OF
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VERTICAL  TARIL .
[7=90°
i, = 0
AR = .4
‘/L.25? - 42°
A, = 0.60
Cr = 1964
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LANDING " ELAR - UP T
A= 12 € = 0.50
Cp = 00876 + 0.0232 (; ?

LANDING " GEAR = LPOwWA ”
A = 12 e =0 £
Cp 201076 + 00322 (C, °®

= 0.2

(L/p e = 1947

FROM  ITNITIAL WEIEHT SIZINGE AN
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L.l INTRODLICTION

The purpose of this appendix is to present the preliminary
ing &and class I design calculations. Methods used weres
:2n from References (1) and (2). References: (5) and (&) are
d for stability and control considerations.

Section L.2 ontains preliminary weight sizing
calculations. These resulte were obtained using the methods
nresented in Reference (1).

Section L.T contains preliminary performance sizing
calculationrs. These results were obtained using the methods
present=ad in Reference (1).

Section L.4 contains class I -flap sizing calculations
using the methods presented in Reference (2).
ion L.S contains class 1 empennage sizing using the -
d presented in Reference (2).
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Section L.b&6 contains landing gear desing criteria using
the methods of Reference (2).

Section L.7 contains the stability and control
calculations using the methods presented in Reference ().

Section L.B contains the class I drag polars calculatad
using the methods presented in Reference (2).



L.2 INITIAL WEIGHT SIZING

Using the methods presented in Reference (1) the weights
and weight semsitivities for the 100 passenger airplans were
calculated and are presented in Table L.1.

The design assumptions used in the weight s=izing were:

(L/DYcr = 16
Cp = 0.4 lbs/hp/hr
Np = 0.89
YVeor = 442 knots
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DESIZN AIRPLANE : 100 PASSENGER  CorHMUTLK
‘o

(Type AIRPLANE)
ASS LT RANGE = i&0D v
: J—/D = ! @
& =
:;P , 0"485 ORIGINAL PAGE IS
ip . OE POOR QUALITY

L’A.)t{.‘o = 0.0065 ‘/\jm
wﬁrcs = O.25 uf

45D

h= 30000 &+
M=0.75

FLUEL FRACTION VALUES TinmM TARLE 2.1.

CLIMB : 3000 fpm
CRUISE VELOCITY:.

TEOI PG 1l OF LAN £ RISK AL AZRODINAMILS

Va= 994.7 £p= 2 30,2 .

}‘4:. \éi -> VC—R - 0,75 (9"‘47>

Ver = 746 &ps

ESTIMATIIIZ iy , W, WE-

STEP 1: MIZSITN PAYLOAD WEIGHT , Wp_ , AND CRED
WIEEZAT, Ldorew-

. - . PR P W W
'2_':3-\'\ _,'—ch I:-},:'/E,."J '_.r:i..’g.' "...'{’ v»\l -.

PAZIZAJGTES ¢ 00 x (175 1bs + 3O lbs)
00 ¥ 205

e = 20,500 los <

CREwW: 4 x (175 + 30)
41 x 205

W= 820 lbs
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PeEL rAinMARRY

WoLuLd BE: Wp, = 76,000 Ilbs.

STEP 3: LETERMINE MISSION FUEL WEIGHT , Wr.
Wr = tryeen ¥ Wrpes
From SPEC:! idmes - O-25Wr e,
"W o= Wi (0.25wr u..s€b>

We = i.25 wfussb

5
MISS:ON PROFILE :
4 "
o
CRIGINAL PAGE IS
OF roulk \..‘UALITY_ I 2 3 -

MCRGHN [ [CEUNZON | WEIGHT S sernrc 160~ PR ' »
STEP 2: GUESS VALUE OF TAKE-OFF EIGHT, Lip-
FROM <ANES ,;374-75 , S/MILAR PLANES WERE
TOUND AS  FOLLOWS: '
AiRSLANE Wpp () LdTe (88 Vepuay (¢9) RANGE (»r
AEROSPATIALE S£ 210
CARAVELLE 29,100 127,870 445 1875
HALOKER - SILDELEY |
146 R0 23,015 87,500 <22 .’730(3
M DeNELL - DouslAS ]
DC-2,SeRIES IO, MarEL IS 2/, 38/ G0, 700 <87 S+
MEDONNECL - DOUGLAS |
DC-9 ,SER'ESS Z 2/,885 98,000 487 ,:23
TurPoOLEV TU - I39A 12,000 103, 600 <469 /2%
I
DESIGN PLANE <O , 500 ? <442 /15¢0
!
! A REASONARLE ZEZSTIMATE OF TAKE-OFF wxzI3HAT '

DEF OF STAGES:
1)y ENGINE START , LOARM-UPRP
2) TAXI
2) TAKE-OFF
4) QCoLIMB AND ACCELERATE
5§ LRUISE
A DESCENT
7)  KANDING, TAXI, SHUWTDOWN
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MORCVAN/PO!‘VNS-CN’ WNEICIHT SImirne 000 -PAX 22
STEP 3 (econt)
PHASE 1I: BEGIN WEIGHT @  (Jrg
(ENGINE START) END WEIGHT . Wy
FROM TARBLE 2.1 - 0.990
Wro -
PHASE 2: BEGIN WEIGHT: W),
CTAX1) END wWIIGHT + W,
FROM TRRBLE 2.1 Lo _ 0.995
), —
PHASE 3: BEGIN WEIGHT : (J,
(TAKE-OFF) END WEIGHT » o
FRO"‘1 TABL_E -2-’ A U3 = olc,'qs
L2 -
PHASE 4: BEGIN WEIGHT : wJ3
(cLimB) END WEIGHT: 4
FROM FIG .2 ¢ wg = O.570
Loz

aSIVG
(eoN 2. 7)

o = 375 (L )( Qe ), (7[))0 n(

BREGUET 's ZNDURANIE EQUAT.’OM,P. 13t

. ' '
‘./CI = 3"\00 CPM (,3 "~ ) e \
Y 523y 5+ )
20,200 £-
e = 3000 Fpen IO min =2 — lar
wil . = ; \
h’\(fj\)' S Ve (gg> <-b,7—
373 e /e b /e
In (B Gac(341mt) ‘04N L )- PIPTANGY
4 S7E o 3_ /k 16
Wa |
wILL UL AZOVE FR ACTION /
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TEP 3: (econt.)

&

PHASE 5: BEGIN WEIGHT: W4
(CRWISE) END LWLWEIGHT: Ws
LETIMMATE  Ws  FEOM BREGSUET:E RAN
Loe

EQUATION, p. 15 , egn. 2.9.

QC" 2375 ( /Cp>c.e </D>C2 ln B§>

Rez = 1500 nm (e‘ow € ) _Lerm
1 " / =80 &+

ORIGINAL PAGE IS
OF POOR QUALITY Ree= 1726 ™M

(726 sm ) _ (QﬁX“) In (&>
375 o.< Os

InfLs) = 1726 . ©.1354
Ls 375 (34)

é-.&.): [.145 > f—ﬁ): O.8734
s g

- (Z)-os873
PSASE %! TEG!IN WEIGHT: Ws
(BESCENT) END WEIGBHT: LWy

FROM TABLE R1: WD, . 0O.985

Ws
PHASE 7: BEGIN WEIGHT: W4
{ LANDING, END WEIGHT: Wy
TAXI,
SHUTDOWN) FROM TABLE 2.1

L2 . 0.995

MISSION  FUZL. TRACTION , Mg -

M= &2 . & W3 W Ws . W, W
129 Lors u): We Wi  wWa tls LI,

L4

= (0.790Y(0.995X0:995)(0.970 }(0.873(0.2850.995
1R

‘ MIC

o0.813

W
n
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STEP 3"  (com)

OFusen = Q- M?‘F) Loro
(I -0.8B3) Wro
Loe = 0.187 lrg

T uUsSED

[}

ORIGINAL FACE 18
OE POOR QUALITY

MISSION FUEL LwLWEIGHT:
Wr = Wrusgs + Wrges
b')r'-u SED + o 25 'L*‘)';ussb

1.25 LIrusep
1.25 (2187 Lry )

We

We = 0.234 Lo,

STEP4: CALCULATE A TENTATIVE VALUE FOR Wpe
FROM .

' woe'rsu‘r = wmsusss “We TlpL

LIOE renr = 76,000 1bs = 0.234 (96,000 ibs)

- 20,500 lbs

L reren+ = 53,036 les

STEP_ 5 CALCULATE A TENTATIVE VALUE TOR Wg AS:
Merenr = WoBreyr — WHe — Waksw |
= 53,035 iis = (0.325 wro) = 820 Ibs
= 82,216 - 0.c05( 96,500)
’.:.):._-T_,;N.,.= 51,736 los
STEP / TiIND THE  ALLOWABLE  VALUE OF itdg FrCH

v
SECTION 2.5

W, = 85, 0C0 los.

NOT WITHIN THE ALLOWARLE TOLEZRANIE.
Mv‘/i‘T 7"’"?""_, “/?’7_/\’,‘-\3’:. o ) o

Lﬂ_
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DULE TO THE LARCGCE EZERrEOIT BLTWEET

TH £ DPTCOCDCTED  ToAPTY SASE/EAATT AVD T
ALLO N LE ErAPTY WEIAHATT, A NEWS
VARUE FCOix Al AND Wro A CALCOLATED

CSvGe  THE NPTy \NE/LHAT FEQUATICN  FiROAM
ez serare (1.

Weg = Weempd , /inv. /%o E(jo;,c \NTO;A>/’SS

Wing L

FROM ToeBLE 2./S oOF refrecxe ()

A=0.3774
BT 0. 5647

We = ©.50 /'nw./%o 2/&10 VWos = O. 3774)

c-9697
Wro (Ibs) We (aceownsiF) (Ibs)

&6, 000 47,653
70,000 49 953
7S, 000 2,522
¢, 000 S3, 408
5,000 sS4, 563
/100,000 sS,7/7

/05,000 S%,60%

CRIGINAL TAGE IS

OF FOOR QUALITY




- < N ’
MoZCAN J FOB /NSO WE 1T SIr/neE roo - rA”

50
00 s
22-144 200 SMreTS

22-1
22
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VSINGE T VALY LS OF Wio S tOS, 000 /bs

/N T FOF = ACT7ON EQOATIONS
Crvecuve +TE PTEwv/oueeY , Yrouug
AV /105,000 (s
VW s ©.23249 W0 ' 29, s70 (/bs)
Wee o o F Wro " \WEe - 20, 500 S 720 (1bks)
WE o © Wee,.,,, ~0-00S \Wy, ~BZ0 se S$&S 1bs)

THE ERROR  BETWEEN t1=E£ PoEDVeTr >
EMNPTY WE(CHT AND T ACcD\nri7Ze’l
Frov=STyy s wNET IS

b ErRper T TE,08 ~S¥ SES
S¥,60%

x/00) = 0.04p
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TABLE L.1 FRELIMINARY WEIGHTS AND WEIGHT SENSITIVITIES FOR THE
100 FASSENGER COMMUTER

WEIGHTS: Talke-0ff Weight, Weg = 112,288 lbs

Operating Weight Empty, W

ows = 67,422
Empty Weight, Wg = 46,041 lbs
Fayload Weight, Wp = 20,500 lbs

Mission Fuel Weight, Wg = 24,366 lbs

WEIGHT SENSITIVITIES:

Fayload Weight: dWyqg 7dW,, = 5.9

Empty Weight: dWee /dWeg = 1.6

Specific Fuel Consumption: dWmp /dCp = 202,659 lb/lb/lb/hr
Fropeller Efficiency: dWeg/dNp = -95,369 lbs

Lift-to-Drag Ratio: dWag /d(L/D) = =5,067 lbs

Rang=: dW /dR = $4.0 1lb/nm

Wing Area: & = 1,604 ft

Wing éAspect Ratio: AR = 12
Take-0Fff Fower: Fpy = 26,730 hp
Required Lift Coefficients:

Clean, C_ = 1.32
N MAY

Take-0f+, C = 1.80

Ltanding, C = 2.0
LMAXL




L.Z FRELIMINARY FERFORMANCE SIZING

This
preliminary

section presents the
pertormance sizing.

presented in Reference (1).

calculations used in
The methods used are
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L. PRELIMINARY WEIGHT SI2ING
THE  PRELIMINARY WNEIGHT SI12ING OF THE MNASA-100
MAS  DONE wiTH THE CACAE 3 PROGRAM ON
THE HARRIS - 300 CoMPUTER.
ASSUMPTIONS:  Wakawe / Waum = 0.35
WfL: 20,500 /bs

Weeew = 820 1bs

USING THIS PROGRAM , THE CALCULATED wWEIGHTS ARE:

Wep = 112,288 Ibs
We = 66,321 s
Mg = R4,363 ks -

2. TAKE - OFF WEIGHT SENSITIVITIES

THE.SE SENSITIVITIES WERE ALLD CALLCU /JITEA wmH THE
CADAE 3 PROGRAM.

ASSUMPTIONS : Cp=0.40 lbo/b/hr

‘f)P=O-85
L/ = 16.0

R= 1500 nm
GROWTH FACTORS WERE CALQULATED AS:

DUE TO TPAYLOAD WEIGHT! W /SWp = 5.9
DUE TO EMPTY WEIGHT:  aWp /aWg = /6

SENSITIVITIES WERE DERIWED AS:

W, /3¢, = 202,459  Ib/lollb/hr
Q Wrp /Av\r = =95,367 Ibs

AW /&(thh) = — 5,067  Ibs

W /4R = 54.0 b /nm
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3. PRELIMINARY PERFORMANCE SIZING
THE PRELIMINARY PERFORMANCE SIZING OF THE.
NASA-100  wWAS TONE WITH THE CADAE 2 PROZRAM
ON THE HARRIS - 8O0 COMPUTER.
TAKE - OFF DISTANCE | LANDING DISTAMNCE | AND
CRUISE SFEED PROVED TO RBE THE cerr/CAL
FERFORMAMCE CRITERIA. SEE FIG.

ASSUME A=1[2

3.1 STALL SPEED REQUIREMENTS
AT Vs(rLaps-uP) = IR0 kts | (“s)r, = 73.2 psf
AT Vs ('FLAPS'DOUNS: 100 kis , <%>TO = £8.1 PS‘?

2.2 DRAG TFOLARS

L0u) SPEED , AEAN: G 0.0629 + 0.0312C2
TAKE -OFF , GEAR UP: Cp= 0.0779 + O. 0332¢C,*
TAKE-OFF | GEAR DowN: & = 0.0979 + 0.0332(;
LANDING | GEAR UP: G = 0.0929 + 0-033&C +

LANDING, GEAR DOWN: Cp =0.11Q9 +0.033_&¢
Ce3 TAKE-OFF DISTAMNCE

THE VALUES OF TOWER LOADING CORRESPONDING

T VAPIOUS  WING LOADINES  AND MAXIMUM TAHKE-

OFF LIFT COEFFICIENTS 1S TFOUND N TARLE 4.
3.9 LANBING DISTANCE

THE RELAT'ON TETWEEN WING Lioal'NZ  AND
CLMAXA 1S QIVEN AS’

THE VALUES ZATISFYING 7213 RELATION ARE

PRESTNTED N TA3LE 2.

(v
0

CLIMB  REQUIREMENTS

ALL CLIMB REQUIREMENT VALUZTS QF POOER
LOADING ARE PETSENTED IN TABLE 3.
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TABLE

(W/S)ro
ps¥

0.0
40.0
20.0
30. 0O
100. D

E |- POWER LOLLINGS 1O MEET TAKE -OFF DS":JAJ‘E
REQU!REMENTS

Co Maxy,®

.00 .50
3.5 20.2
6.¥ 0. |
4.5 G F
24 5.0
2.7 4.0

.00

2b. 7
13.5
3.0
b7
54

&. 50

3.7

le.8

1.2
84
6.7

3.00

<04

<0.2

13.5
0.1
8.1

TARLE 2 -- MAXIMUM TAKE-OFF WIMNG LOADINGS To MEET

LANDING DISTANCE REQUIREMEN

Coptar, (W/S)to ,oax
PS'r
200 ~3.40
1.50 35.11
2.00 44 .81
&S 58.5/
3.00 7.21
TABLE 23 --
(W/S)ro wip) wie) (w/ip)
ps¥ Ibs/ hp lbs/kp lbs /kP
&0.0 43.0% 41.73 39.00
<40.0 30.495 29.51 R7.58
0.0 M8 M09 2 S2
80.0 ?1.53 20.86 19.50
100. 0 19.26 18.6b 1744
“FAR 25,1l -FAR 25./2] FAR 28.)2]
=INTIAL CUMB ~TEANSITION -SECOND
SEGMENT  SEGMENT  SEGMENT
/oET) CUMB CLIMB
(25T)  (o=T)

(wip)
lbs/hp

<0.01
<8.29
23.10
20.90
/7.89

FAP 25.121
EN-ROUTE
CLIMB
SEGMENT
{cET)

(w/P)
lbslkp

28.59
20.22
16.51
14.29
12.79

FAR 25.119
LANDING
cLUMB

STEHMENT
(AE0)

CLIMB REQUIREMENT POwWER LoADINGS AT A=12.

(WiP)
Ik /kp

27.58
19.50
15.92
13.79
/2.33

FRAR 5. /21
BALKED
LANDING
SEGMENT
{2ET)

S
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3 MANEUVER!NG REQUIREMENTS
THE CALCULATED RELATION /S AS FOLLOWKS:
(wip) = (W/5)/0.05 + <64.88 (wW/s)
THE VYALUES SATISFYING THIS RELATION ARE
GIVEN IN TABLE 4H.
37 CRWSE SPEED REQUIREMENTS
THE CALCULRTED FRELATION S:
(w/p)= (w/s)/8.15
THE VALUES SATISFYING THIS RELATION ARE
GIVEN IV TABLE +4.
3.8 MATCH/NG SIZ2ING REQUIREMENTS
PONT Py Fie. 1, WAS CHOSEN AS THE PUNT OF
MAXIMUM  ALLOWABLE wWING LOADING :
(wis o ax = 70 ps¥
AT THIS WING LOADING, THE POWER LOADING
o W/P)_ = 4.2 ibs /hp
THE POWER REQUIRED 1S CALCULATED AS:
Peead = Rb, 736 hp

THE WING FARZA EIQUIRZL  is:
S = 1604 £H2

THE DIFFERENT REQUIREMENTS OF THE
PERSORMANLCLE SI2ING  AET /—&‘ES"’/UTED SRAEPHICA
/N Fa. 4.

Ly
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TABLE < - POWER LOADINGS REQUIRED
AND ForR CRUWISE SPFEED

FOR MANEUVERING

(W/S)+o (w/p) (W/P)

est  MAY e M (stare) s hp M (sTaTie
20.0 87.20 L.23
<40.0 <44.20 245
0.0 30.08 3.68
0 23.21 4.9)
100.0 /9 23 6.4

MANEUVERING CRUISE SPEED
REQUREMENT REQUIREMENT .
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TAKE -OFF POWER
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700= Ay

NG G 20 25 30 CRIGINAY, %257 18
DISTANCL —dy Y t; OF FOO& 00U A0ITY
= /) 727 :
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7 v |
.30 ™ FAF. ‘0—’ ;
2E 19 |
(ALO) |
A2 ‘
\ |
|
i
t
|
ol . ’//’,,cf\rAR,ZE.}l/
(oeT),
\ A=12 ;
. \\ |
\\ |
~N
Il F&R 2E. 1o
\ </ (oerd
\ MT
Tol o \ N B |
[
. \\ DISTANCE
.\ / ‘
\ CLN:)E
< \ 3 _5..‘?'
cg‘ez bg E C-n;r.l' '
RESU! PE "4CNT$ /:Pl Pg w CL“"’= JO
. . , ‘ S 100
o 20 <0 o .

FIG. | - MATCHING RESULTS FOF 100 PASSENGER

TAKE- OFF WING LOADING ~(¢)/S),, ~ PSF

REGIONAL —TURED - BFOP
(8) s - 306
(L;?)Pz 4.0
[—‘2’),_, 4.2

PERTORMANCE SI1ZING.

L.14



L.4 FELAF SIZING

Using methods presentesd in Reference (2) the flap geometry
r2quired to provide the necesary incremental lift coefficients

tfor take-off and landing were calculated. The
pressntad in Table L.2.

ORIGINAL PAGE IS
OF POOR QUALITY

results

area
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N\omw/ zogi~nsoN FLAP SIEING - 00 - P Fra,
A
Couax = IS
Clmars, = 18
CLHAX,_ =30
7R

LoNG - CouPLEDd’ = |, /& > 5.0
weeeed: G oy, = 1-05 Cipiny
= 1.05(1.5)

aLHAXU = .52
cos ./kcx/"L = , 9744
CLHAX,‘, = cLqu-v /'9744'

UVS wWEPT SwEBPT

Coumy = 16/
UNSWEPT

ALLOWED: ky = O.75
‘ 21 =04
CLHAX.\/ = Ky (c/mbxr F c'“"xt)/Z‘
non ‘T 2Rk

NEeDED ¢ Cruay,, - |42
UNSWEPT

SwWEPT

Ciuax =

I

Now ASsumgE Cy =132
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AC, uax MEEDED:

TAKE - OFF }
/
ACiypy, = 105 (10 - 1.32)

A CLH‘Xro = 0.504

T LANDING .
ACfpax, = 105 (3.0 -1.32)

AC—LH“‘. = 1.76

. , - 34
7.‘4 . K.A. = O.QO(.D = (_I - 0,08 CoszAc/q )/cas q.A-q/"_
Swe/s  ¥Swr AL,y = OA57 (Sur) A= 1575

0.2 8. 00 2.28 7.95

0.3 3.33 /.52 5.2

0.4 K50 /. 14 - 3.97

0.5 .00 O0.914 3.18
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..5 CLASS I EMFENNAGE SIZING

This

section presents the sizing of a convintional T-tail

empennage using the U-bar method presented in Reference (2).
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L-.6 CLASS I LANDING GEAR DESIGN

From chapter 9 in Reference (2) it was decided to choose a
20 inch diameter tire 9 inches wide. This tire can carry a

20,000 pound load.

From weight and balance calculations longitudinal gea
placement criterion were met. There is 15 degrees betw=en the
maim gear ground contact point and the forward c.g.

5

Figure L.1 shows that the lateral tip-over criterion is
met for a 228 inch wheel base.

2d
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L.7 GSTAERILITY AND CONTROL CALCULATIONS

Calculation of required stability derivatives are
presented in this section.

Talculation
Calculation
Calculation
Calculation
Calculation
Calculation
Calculation
Calculation
Calculation

Calculation

Erigine out calculations

of C

""w
of df/d«<
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of ¥
c
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of
of Cp
of c

of c

L.34
L.35
L.J6
L.37
L.38
L.39
L.40
L.41
L.42

LI 43

L.43

L.33
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L.8 CALCULATION OF CLASS I DRAG FOLARS

This section computes the airplane wetted area and estimates

the skin friction drag. Class I drag polars are compared with
the polars computed for the performance sizing. Table L.3Z
contains the drag polars and table L.4 contains a wetted ar=a
Sreakdown. :
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M. 1 INTRODUCTION

The purpose of this apperdix is to present the
ergimeering calculations for the 7S passeriger twirn-body
comfipwation. These calculations were used for the class 1
gsizivg of the airplare.

The stability arnd cortreal calculations are contained in
section M. 2. The langitudinal and lateral-directicnal
control surfaces are sized in this secticorn. Section M. 3
documernts the class I drag polar calculations.
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' 4 s v
= Moo i x Xeq
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x4 200 608 . 580
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' 120 240 éi0 .59
/30 260 611 . 606
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S 2x130 = 260 rrt _ A .3
Ny s s0° A/l
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X = 10206 ke, égz
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————
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(s82)’ (.sn
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v () /(Y
2z St/
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T "3/.10 CR A !
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vomponent Weiaht x
1bs, in in

lus.c—'-.le;g-:-; 1¢,704.00 578.00 14€ .00

Wino 7.5%7.00 672.00 127.00

NG NNETE 2,238.00 1,204.00 340.00

Moane 8.,470.00 870.00 222.00

Moze Gearr 74¢ .00 - 220.00 74 .00

21N Geat 2.994.00 720.00 é&4.00

ixed LCouipment 12,35%4.00 578.00 148.00
Empty Welaht 45,103.00 xca . £83. 24
zcg 161.09

Trapped Fuel/011 420.00 745.00 178.00

ew 615.00 200.00 120.00
Operating Empty Weight 46,138.00 xCcg &77 .36
z¢cg 160.69

l;el 13,878.00 672.00 127.00

Fassenaers 20,500.00 630.00 148 .00
ke-off Wsight 8§0,516.00 xceg &ed .38
zZCg 151.¢5
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Table 2.5.4 Twin Body 100 Passenger Commuter Class I

Weight and Balance Calculation

No. Component Weight xi
lbs in
1. Fuselage 10704 578
2. Wing 7597 672
3. Empennage 2438 1204
4. Engine 8470 870
Sa. Nose Gear 7146 220
5b. Main Gear 2994 720
6. Fixed Eqgpt. 12354 578
Empty Weight WE = 45303
7. Trapped Fuel 420 745
and 0il
8. Crew 615 200

Operating Weight Empty: WOE = 46338

9. Fuel 13878 672
WOE + WF = 60216
10. Passengers 20500 630
Take-off Weight WTO = 80716
wTO - WF = 66838

in
148
127
340
222
74
64
148
X = 686
CQWe
COye
178

120
chce

Suoe
127

X = 678
cgWOe+Wf

148

X = 666
“Suto

z_ = 151
Swto

X = 665
COwto-we
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.Z._C‘!_.S_wl{.‘l’_ : Multhopp | 100- Fass. Twin Bodg | i_/_Q-

i

10O Pay - Tunnn Badu

Section Axi wy (L) X Kifeg  ep=122 |

| 9 70 43,5 255 |

2 7 s mes 2%

3 97 51 2425 191

4 a7 G 1453 [18

i i

| 5 31 97 98,5 0.39 i

6 82 41 ~ a 0.7 |

I 7 1z 2 27% 2.27
8 152 &0 455 370
N 100 300 192 118

Note: Al dimensions 1N iches,

- The wing W+ curve slope hos previevsly been deter-
mined to be:

Ci, =497 rod™ = 0.0868 deg™

Tros, the dE/de correction Tactor 15

QE! = 1085 de |
dD& lo.osbs Oo\ 0.0B

The downwash 1s found from Figure 2.33 of +he 550 ook
Section  d€/de  OE/Go grersen

[ LOO 1,09
2 KeYo) 1.0%
3 1.OS LA
4 110 1,19
S 2,10 2.93
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OF POOR QUALITY
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The downwosh ot Hhe hoarizontal +ail 18 0= follons:
/{\". = 5‘;01”

Jntlc, = 4.87 ORIGINAL PAGE Ig

: OF POOR QUAL
H { T s ITY
Sron Fowve F.09 o7 AR B8O koo

n

[-0€ gn = D.70

For cections 6,7.8,07d N,

1€ = ko (i-de
o Jh oo
t Section X( X /4y, de/d«
Ql 0. b2 o 1A
% 73 0,498 O.“rJ
8 ’5'5‘ 0-6;0 O \.C
| N 142 D.75% D177

Thus , the resuthng woment 1e caleulofed Svoer,

(h

aMm . 4 ¢ wfu;) Axg de |
do b det e |
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i
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1

1 | .
i olid ({2004 551+ OZ+ 233 1948 HIIZ 297+215)2 2+ qiL
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)0 -

*ey I Frepave o lonaitudinal X-plot for the owplane.
0. The ca. les.

The hovizovdal Toil Fos been ossumed to hove the
fotownng, Cravocteristics:

5\-} = 13D ‘H’ : eacn

Wwe 583 s eoch, ORIGINAL PAGE IS
- . OF POOR QUALITY
rus, Wy = 9,87 Y
&

Frow the weigint 040 Kalance analysis , the follousig
totuiotion Con be made: ’

Toble . Center o Grovrty Locotion For Various Honmzordal
T0i| Aveos. (Twin Hovizontol Jovls)

f12 los aft Ae T
150 6ED el 0.59
200 956 o84 0.62
7250 1133 687 0.65
200 12572 89 0.7

0. The o.c. leq.
Tne followng quanhhes most be determined:
Xecws , C., . defde | Yoo, , C,_‘he, de, /den , Yoe,,
From Molthopp's mtegrotion,
Yacys = Xacy, *+ ARacg

0.25-0.34

XOCW.},: -O-\q' ‘

FV‘O'."’; +\/\€- 3 V‘EU.)' .

Xoch= 6350 -

7\Oche" |-7l o

INI/
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QT T flae = 0 (v g coce ) G0 Oloe = &

o GO
.= .04z
oA 11{ ' S AT D ORI\J AJAT PApE IS
.. OF POOR QUALITY
A=9%0 - A
- "~ b
_/'-_c/,'_= LD
s
Syreveare,
r"’..
Cl., =, = L
Lol t -
LLeLs2
345 oo > )
C LI 0t Neo s D70
L“" L, . 4 —
‘:. : .’:‘.’:~c" D4 Mg ~ O )

gures 2.25 and 3.2k "*F Awrplone Fhight Dy
G oz~+u,FWGPT'CO"*Fo JPart !, will Tbe vZe
+imate de (d“\

™= Z 50/705 = 0,2%

= Lio/105= O.87

2T 0o AsS - N " 150

g, /ol = 0. 169
1-9€, Jda < 0.830
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. | Stalditu and _Coprvel | jnm-oy T Bod i
. The i cuve slope fon +Hic engine plontorn; 1s Toynd
l as Toicwes
A 5.%
Ko= 0T |
' Ko= Loe7 ;
_ AN NeY f
C. /55 i, A
: N he \ 093,/ 2 4/’\556 Tk
¥ | C =413 rod™! = i
;Nﬂ ne i
! ‘ ' The dowviwas\n aradient 15 coiculated 0s follows
(method pregposed in Refecence
| 0L - gt Covln . 0497 g | (@)
Oo ‘v do 'hi=o (o '} Oe. k=0 i
\ & [ o) :
' wreve !
. CL«W!’ : Sl rod™
n.'. '
= £ 9 -1 ,:
l CLO\N} Med ~ L'O rOd i
l and 4 (7) {l
, / 11a 7) .
1 de | - 494 KakaKy JCo I ) |
A h:p d ;
. }
. : i 1
i Kpz L _ | (8)
A eAY |
Ky= f0-3 . . @)
l A 7" A ORIGINAL PAGE I3 ¢
, OE POOR QUALITY
| Kiw L= Do/p (10) |
£ /2)r
l Y &
uhere Az 15 A= 0.90
v " - /
| | RNl hy, = 90 Ly 118
g | K




| - ST _ IO W OG0 L Aty ] iQT oy [uhn 003U
l ,<A' O:OE({’E'
K,= 1,257
't s
de i = 030k ond dei = O.20%
l Qo 10 O M ORIGINAL pagp 18
o | ; OF POOR QUALITY,
l argd (=04, ) 0,087
l’;e
‘;‘z‘b““’ } The o2 ieg 15 coiculoted iU CEaqni, it)
RS ) dim v Seve y s TRV AU O
—l Xoc, = [ hocy + % Cm (- E‘Jo\h )K & ) hacy {)/CLVVJE+ ¢ Cl-ahc(‘ c'is."°>"\.$c/' Nathe $ ("'""*jv
‘e b +5C, (-0t C. 2- I-de’ (Sreny /
1 [ é L«a ( a;\)h\s)/ w' % .""e( ck. 're\Q' /} CLavjf..
In the stability ond control ovialysis for the 50 passence
l | Single body, ¥ wos Tou0 Ryt
| "':h= /C’L’. FT
l Thus, 1t il ke ossomed for commonality ot Hae
horizontal tails on the /oo-‘ Josseriger +uin bodq
l Ore the some as That on The OO Passenger. Thus,
5h= ZO“ F'\'l
i Trug, the obeve equotion redoces +o
l Xee, = L=0J4+ 0.803 + 0.954(Sne/8)]  m-0.70
l s
O ) G.890
' 100 0./108 0.647
200 0.1117 0.6%
' 300 0.%22 0.746
| NI«
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W= 924 lbs T Neg, = 0.620

her for e arplore o be nieven Hy, etocl: wr
o I opavcend Tt oo,

A

S,.* [SOftE =

This correspands +o W= 630 |bs  which hos lbeer
ossumed to be included i the engine Leohnt.
Close T weight estimates moy, reveor +not TR

acsuviption Tbe ve-evaluated.
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Takle | provides The c.0. doto.

: : oy 0
Tre Cr, tea of 4he J-plot Tollows from:

2 -
la - - f‘ , - ~ |/ c /: "‘. ._/ ) ’,b\\‘ (7\)
Ll e T Vh/:\l."s : vLo’y R RV R NN A VA , y,

From fne prelwmnory engine out Comyputotions OF
O /‘ = il ~ !P - -
120D

9: 973 142

CLay =2 11 rog™
Xvg = “1.3 4 b= 113+

From  Metnods For Letinotin Hobildy And Cowrvol
Dervotwes of Conventionol Subsoni?, Aurplanes

= O \
CV\BW‘3 = vig ! ¥ Cr\/se ' (8)

-V,

Crg ~ O 2 The wung contribuhon 19 very smiall
‘ eveept oF g ongles of otazk.

Cﬂ/se = - 573 KN KR_Q 2%5 2\6& ((00:') (Q)
uwhere,
53; Side Yoody oreo = 624 ft*

Xb= 94.b {4 ; xm/jbe 0.52

n
Y
-0
-
+
~—

Kwn
Aolog = 14.3
) : ORIGINAL pagg
h.= 98 wn. OF Pp Is
| g (h,/h,) "= 1.05 ©OR QuALITY
h,= 83m.
W= 98w 3 hiw=10
Ky = 0.001
RRF = /OV»Q{ (103
Ax

: | : .
] StasiTY AND CouTeol /00 PAY Tun Body @ /0-
|

_C Sufy L
Step 4. Prepare o Owechioml X-piot for fne owplone., ;
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G Suntt N STABILITY AND _Co.z!_'s?,\q‘._% 100 PAYX TWIN BODY

e,

R, =52 ¢l0" gt ta @-ofr (V150 Krvke)
Ry = 1800 o7 cruiee (=07 ot sonafr)

Swigs et Ri% 19 l\Cl\"g:,@l’ ORIGINAL‘ PAGE IS
KR‘, - 2.0% OF POOR QUALITY,
Cr, = - (51.3)(0.901)(2.08 kA 9120, i3 1 L

~e
Crg = -0.129 1007 =

and

Crg= =0.129 + 0.744(s, /8)

aple % Directional Stobility For Vorovs Tl Arens.
{ Tuan Ver*mO‘ Toils)

Sv sV/?) Cﬁ£ l
tal rod ™! -
/00 olcs  -0.048
200 0.1 0.034 :
300 8.275 O, 14 |

J

FioureZs51s the reioted Qrapn.

Steq 5. Determine whether or not the qrplane beng designed
needs o hove 'mnerent / or ‘de foctor “directional -
%‘\'o\o\\r’ru i
Ths arplane will e m\r\erem\g stoble

Step 6. Assume +hot the overall level of directiono!
s‘rob\\ﬁ% must be,

Cn‘e = 0.0573 rod”!
From Tigure , this corresponds Fo
Sy= 23047 — ‘
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Clﬂ,F mou be computed fron
‘e S

Cnf_z _CU. { yvChCQ + 7y Sire. (4)
% <62 \ 'S /

uinere

Jv= 40.5 1t

Zv= N.A.

0= B £t

«= 0° (ossumed Yo be small)
True

L.)

=Gy L 0.743)
vEeR

Cyg, Cor e colevlated from

cmch_ [(@ gc ](083 K'K, Sv (1)

wheve ' I

CL. =214 vod"

Ky

(@), - 114

(& )ey !
(o0g)ey= =011
K'=0.65
Ky= 1.0

Hhus g RIGINAL pagp, 15
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Cy, = ~ 0.001(sy) |
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LGSty _DRAG _PousR _DETERMINATION Vi

Step | Liet oll arplare cormporeris Which contribute to
wedled avea, Compute +ne weHed area of thiece
components, Find +he sovi, Syer.

i
i

The comporents Thot contribute to weted area Ove:

I Fuseloge <. Nocelies
2. \ving 5. Pulons

¢
)
'
'
i
'
}
5
'
‘

2’ E.r"‘.pi(‘i\*‘.o, C\e

1
i

1) N 8] .
|, weted Arven for Ploniorms,

The wetred areo of tne plonforr Can be found 1rom:

where,

<

{ em bee o (142)

= (38.1/2)(A.)(1.48) + (107 25)
= 503%,) f4%
t/)e= 013 5 = L3 5 A=04
ORIGINAL PAGE IS
+Hvs OF POOR QUALITY]

Swetyf = 1042 $t* =

For +he horizontal tail,
Sesp = 102 42 + 201 &2 |
(ble) = 007 5 T= 12 35 2A=05
Swet,, = 625 H* =
For +he vertical ta,
Sexp = 280 Tr*
(tle)y= 013 4 =108 ; A=0.50

Swgfver‘ 5/07 {.‘+7. -
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1
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i
i
i
i
i
i
i
|
|

| | N7



A e

’%_.._,_Sw\*ﬁ‘* e DRPC PoLaR Dre FrwJATlon

2. Wetled sren for Fuseloges,

For f‘QSi‘.Ogt‘; ot CU \'j Wcni md-sectiors :
St (\- T4 )
wirers
= 1.7 ,+he TSEGsL Tweriess o0

Sue= = M(8.0%) 166K - 2"'7) {41/

»~
¢\

5;;»3'%; Z X Swe_'k'_‘,‘e (tuwnn bOd%)

-

4270 $4* =

n

\

2. Weted Areo Jor Nocelles.

The viaocelie avea wiil be estimgied ‘o'%‘
S""e"’ncm= 'ﬂ"ﬂenq deng
= (12.5)%(5.0) x 2

Su.w-‘r L= 393 Hl -

4. Pulon WeHed Areq.

Swet = 2 Sexpp L1+.25Ck10), (14 22N/ 4 0)]
where,

A=l (tledp= 002 T=10

Sexp = 192 H4*
Thos
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OFE p ?
WG o ¥A OOR QuALITY
Horizotal Toul i3 Z
Vevica: Tais col |
Fuceloces 4270 |
Cviane ThNOCehes =K
Cvidwie Fulons 212 .

TOTAL 7212 Tt =

Stee 2. Using figures 221 of Pard | find The equivoient
3 v e airplane.

n
-}
v
L @)
&
(-
v

. o ] [ o t- - . ‘. .
terviing e ‘clean zevo UTT d-ro.?s coa ey e

Co,= 17.0/922= 0.0184 =
Step 4. Find +he compressibility dvag increment of the
Qirpione Trova rigure 1Z.7.

LCp, = 0.0002  dor compresdibilty

Stee 5. Tne Toliowing drog werevierts will be assowmed.
Conf IGuvation ACp,
Tokeoff aeor - 0.015
Londing  Qeov 0,015
Londing Flaps 0.07%

Stepb. Determme the dvag polavs,
Take-off:  Cp= 0.0334 + 0.0265 C°

Cp,= 0.0334 /DYy = 16,8
€ = 0.80
A = ig

Cruise - Co= 0.0IB+ 0.0250C*
Cpo" 0.018k <L/D)mcu = 23,2
e = 089
A= 15
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Steic I Evalvote I .

Ty unll e cajculatzd loter ofter completion of
Closs T weioht ovd koionee. Class | methods
ore rot oxlrate enoupn for The +wn kodiy

r ~

cortigvation.

Qenn ¢ ¢ voiodve T dr-d 1

~ o <h o e NN D) -“ AN 17 °
Wre = 808 it
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The nen-dimensiorol rodiws fer 4is orplane obout
The \-ome 1S assumed TO be

Ry= 04 (Tavle B7a, Fort V)

and oabout the z-oxls,

'RE’O.E’
The nertias con be calecoloted from
-_— 2 - 7 |
Lyw=L \I‘J(l‘\y)/‘rg (n
i (82 W (R, Mg + md*)x2 )

Equation (2} assuvies thot R; opplies To eoch body,
hus, The wmerho s colcviated for each cody ord
hen Transiated o fhe oirplane c.g..(d=/6. 7t and
Wee = 22069 Ibs , Wp,= 40,258 lbs for edch body)

A'f WTO.'

I,y = 1.08Z %10° slug 1™
I3272,673710° slugft?

At Woe ® |
Tyy® L199%10° glogft?
T, = 1.50%% 10" sl f+2
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AFPPENDIX O
PRELIMINARY DESIGN
WING STRUCTURAL WEIGHT CALCULATIONS
FOR |
S0 FASSENGER AND 100 PASSENGER

COMMUTER AIRPLANES
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1. WING WEIGHT CALCULATIONS

DETERMINATION OF STRUCTURAL WING WEIGHT FOR Sa PFASSENGER

LCOMMUTER

From section S.1.2.1, GD (Geﬁera] Dvriamics) methoadalocoy was
used ir determining the wirp weioht estimatioms for commerical
transoort airolanes. The folloawivnog eguatiorn will illustrate thas

methodolopy.

3 0.00428 (3 YA (MY (s n u..r\)o._?t(ﬂof —

[ (oo Ct/,_).m&x)b-% C s Z\-gt)hﬂl]

W =

W

Note: This equation is only valid for the fallowing

parameters rarvipes.

M= @.4-0.8

(t/c) = A.@08-2, 15

- MAX
A= 4=-12
Throunh reseach of airolares with similar oerformarice

requiremerits the followinp assumptions were made for the 5@

passeviper airplarne,

Weg = 45,00 1bs
S = 600 ft

A =3

0.3



The design limit lcad factor, "o, was detevmined

equaticon 4.13 of Refererce 1, which is as fallcws:

Num= 2.1 +3 24,000/( Ww___ +. \o,ooo)}

Excentions
nmnneed rnot be oreater tham 3.8
" ™ 4.4 for utility airolanes

n = 5,8 for acrobatic airolares

2= RESULTS OF WING WEIGHT CALCULATIONS

For the SQ@ passernger commuter

freaun

For the 10Q passeriger commuter ( wﬂ; 112, 222 1bs)

-\. 4
Y'VI-T- - S

However, Orne should keep in mind the influevice of the repative

wultimate lcad factor, Lo In the weight estimations this value

uxr

isrn't coritical but fram a structural aralysis (the critical

of failure) view this factor cam be the domirnating driver.

mode
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IQBLE 2.1 350 FASSENGER COMMUTER
o = 45,000 S = 20 fta,h = @.3,(t/qL~f @. 1%
--\\\Etfff221?§§ S 10 15 ze &s 3
WETGBHT
ASEECT RATIO 2
X1@
a | 1.81 1.87 1.89 1.98 &.@3 .25
3 2.4 2,07 2.14 2.23 2.36 2.53
12 2.86 &.3@ 2.37 2.47 2.68 &.81
1 .49 253 =2.61 &7z 2.88 @ 3Z.29
18 g.71 &.76 2.85 &.97 3.14  3.37
13 & 94 2,99 3.08 3.&2 3.4@ 3.65
14 3.17 3.22 3.32 3.46 3.66  3.93
TABLE 2.2 100 Eé§§§ﬂ§§f\.‘ COMMUTER
W= 110,001 ,S = 1000 ft2 N = 2.3, (s/c) =e. 13
: mAx
SWEER (g b 1@ 15 el =] 3@
WE IGHT
ASEECT RATIO 3
X1@
8 4.58 4.6 4.76 4,94 . S.23  S.61
3 S.e8 S.17 S.33 5.5 S.8R 6.3
12 5.65 S.75 S.92 6.18 6.%3 7,01
11 6.21 6.32 6.51 6.8 7.13 7.7
1& 6.78 6.9 7.11 7.41 7.84 B.41
13 7.34  7.47 7.7% 8,03 B8.43% 3.1)
14 7.91 8.@5 8.& 8.65 9.15 9.8

005
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